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EDITORIALS 


Transbronchial Lung Biopsy 
in Diffuse Pulmonary Disease 


Howard A. Andersen, M.D. 


The paper by Claude W. Smith and associates, 
“The role of transbronchial lung biopsy in dif- 
fuse pulmonary disease” (p 54, this issue) is 
unusual because it is presented by a group of 
thoracic surgeons who traditionally have fa- 
vored open-lung biopsy. Their success in ob- 
taining an apparently correct diagnosis in 34 of 
40 patients (85%) compares very favorably with 
the results of open-lung biopsy, especially when 
the additional “morbidity related to general 
anesthesia, chest tubes, and postoperative 
pain” (in addition to hospitalization and ex- 
pense) is considered. Their success also com- 
pares very favorably with that of others who 
have used the transbronchoscopic technique. 
Our own success in obtaining diagnostic tissue 
using this technique in diffuse pulmonary dis- 
eases is 83% in 814 patients. 

We perform our procedures just a bit differ- 
ently. We do not use roentgenological guidance 
for placement of forceps in diffuse bilateral pul- 
monary diseases. If lower lobes are involved 
equally as much as the upper lobes, we still 
prefer to use the rigid bronchoscope because the 
size of the forceps allows a larger biopsy. Our 
pathologists prefer to receive as much tissue as 
possible, short of the entire lung, which is 
hardly possible with this procedure. When the 
disease is limited to or maximal in the upper 
lobes, however, we do not hesitate to use the 
flexible fiberoptic bronchoscope even though 
the cup of the forceps is smaller. 

Our greatest number of failures among the 
17% in whom diagnostic tissue was not ob- 
tained has been in the group with interstitial 
pneumonitis and fibrosis, particularly in the 
advanced phase of this disease when the lung is 
very fibrotic. In reviewing this group we have 
discovered characteristics that allow a diagnosis 
without biopsy. 

Early classic interstitial pneumonitis with fi- 
brosis begins in the lower portions of the lungs. 
Roentgenographically, it starts in the supradia- 
phragmatic portions with the costophrenic angles 
involved. Late in the disease there is involve- 
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ment of the entire lung and even a honeycomb 
appearance. The diaphragm is high and the 
lungs appear small when the disease is ad- 
vanced. Physical examination reveals dry rales 
(Velcro type) or clubbing of the fingers, or 
both, in addition to altered immune activity 
such as hypergammaglobulinemia, positive 
rheumatoid factor, LE clot test, or antinuclear 
antibody titer. When these features are present, 
including a characteristic chest roentgenogram, 
it can be concluded that the disease is classic 
interstitial pneumonitis with fibrosis. 

By contrast, in alveolar proteinosis the su- 
pradiaphragmatic portions of the lungs are not 
involved, rales or clubbing of the fingers are 
absent, and immune activity is unchanged. His- 
tiocytosis X may have diffuse pulmonary in- 
volvement and honeycombing, but there are no 
rales, clubbing, or altered immune activity. Our 
biopsies in these diseases have, on occasion, 
shown interstitial pneumonitis with fibrosis. 
When the biopsy does not fit the clinical fea- 
tures, one should not hesitate to recommend 
open-lung biopsy. Under these circumstances 
the surgeon should be certain he obtains tissue 
representing the portion of the lung with 
maximum involvement. 

There is another group in whom we have been 
able to avoid lung biopsy. Among patients who 
have sarcoidosis with pulmonary involvement 
there is a group with manifestations of bronchial 
obstructive disease. Most of these patients will 
have thickened or nodular bronchial mucosa at 
bronchoscopy. The endoscopist should biopsy 
this first, then await examination of frozen sec- 
tions. If granulomas are seen, and if the clinical 
characteristics are compatible, the endoscopist 
need not proceed with lung biopsy, thereby 
avoiding the possibility of complications such 
as pneumothorax or bleeding. 

It is important, therefore, that the physician 
review not only his successes but his failures 
with a diagnostic procedure such as transbron- 
choscopic lung biopsy in order to separate pa- 
tients who do not need biopsy from those in 
whom he is unlikely to obtain an accurate 
result. 


Recertification for Thoracic Surgeons 


Jay L. Ankeney, M.D.* 


The movement to require that physicians 
undergo competence checkups every few years 
is growing. Propelling forces arise from various 
sources. One of these is the growing interest by 
commercial insurance carriers and federal and 
state governments in assessing the effectiveness 
of patient care. As the Medicare program ex- 
pands, there is no question that assessment of 
the quality of care given by physicians will be 
required. Recent legislation establishing Profes- 
sional Standards Review Organizations has in- 
creased the momentum to develop methods for 
evaluating and assessing physicians’ perfor- 
mance. Another factor will be the establishment 
of a national health insurance program by Con- 
gress, which seems highly likely. In 1973, as a 
result of these pressures, the American Board of 
Medical Specialties recommended to its 22 
member boards that periodic recertification be- 
come an integral part of all national medical spe- 
cialty certifying programs. Thirteen boards are 
now working on methodology and timetables 
for recertification. 

After due consideration, the American Board 
of Thoracic Surgery (ABTS) has decided that its 
diplomates should be recertified. Since the deci- 
sion cannot be retroactive, recertification is to be 
voluntary for thoracic surgeons certified prior to 
1976, but it will be mandatory every ten years for 
those certified in 1976 and thereafter. Thus can- 
didates who passed the examination in 1976 re- 
ceived a certificate that is valid for ten years 
only, and those individuals will have to be recer- 
tified by 1986 and each subsequent ten years. 

Just as specialty certification exists to docu- 
ment the highest standards of training and 
preparation of physicians, the purpose of recer- 
tification is to assure the public that the highest 
standards of medical competence are being 
maintained by physicians throughout their 
years of practice. With this in mind, the ABTS 
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has decided that recertification must satisfy 
three prerequisites: (1) evidence of attendance at 
continuing education exercises such as scientific 
meetings, postgraduate courses, and similar 
programs; (2) submission to a practice review, 
which will include a profile of clinical experience 
with surgical results; and (3) passing of a cogni- 
tive examination given by the ABTS. 

To implement this tripartite recertification 
process, the ABTS advised that a coordinating 
committee be created with three representatives 
each from the American Association for Thoracic 
Surgery, The Society of Thoracic Surgeons, the 
American College of Surgeons, and the ABTS. At 
its first meeting, held in January, 1976, this 
committee was named the Co-ordinating Com- 
mittee for Continuing Education in Thoracic 
Surgery (CCCETS). One function of CCCETS is 
to monitor postgraduate courses and scientific 
sessions so as to assure complete coverage of 
subjects and information essential to thoracic 
surgeons who are to practice the highest quality 
of surgery. Another is to develop a simple, com- 
puterized method for reviewing the practice of 
thoracic surgeons. The third function of the 
committee is to publish a self-learning/self- 
assessment syllabus for thoracic surgeons, simi- 
lar to the Surgical Education and Self- 
Assessment Program I and II produced by the 
American College of Surgeons. It has been pro- 
posed that the cognitive examination given by 
the ABTS be based upon material contained in 
this syllabus. The examination will cover essen- 
tial information that all thoracic surgeons should 
know, and it is the hope of the ABTS and 
CCCETS that, with adequate preparation and 
study, all those taking it will pass the examina- 
tion without difficulty. Whether or not recer- 
tification will be required in both general 
thoracic and cardiac surgery has not been de- 
termined. It seems logical, however, that each 
surgeon will be given the choice of seeking 
recertification in either or both specialty fields, 
depending upon his practice profile. 

Although recertification is mandatory only for 


3 Editorial: Ankeney: Recertification for Thoracic Surgeons 


diplomates certified after 1975, the ABTS urges 
all thoracic surgeons to seek recertification. Not 
only would the effort necessary to fulfill the re- 
quirements for recertification be of benefit to 
each diplomate, but if it is not done on a volun- 
tary basis by a majority of practicing thoracic 
surgeons, the public will probably insist on 
being reassured of clinical competence through 
government action. 

The ABTS plans to administer the first volun- 
tary recertification examination for thoracic sur- 
geons in 1981. By then, logistics will have been 
completed for monitoring attendance at post- 
graduate exercises and carrying out practice re- 
views, and the self-assessment syllabus will 
have been made available as a preparatory guide 
to the examination. The ABTS hopes that the 
opportunity for recertification will encourage all 
thoracic surgeons to keep detailed records of 
their operative experience and results, plan to 
participate in postgraduate courses, attend sci- 
entific meetings of national and regional organi- 
zations, and use the self-assessment syllabus. 


To those diplomates for whom recertification 
is mandatory, the ABTS will offer a cognitive 
examination for recertification each year starting 
in 1984. The ABTS has decided that each surgeon 
will have three chances to pass this examination. 
Therefore, a person certified in 1976 can take the 
examination in 1984 and will be recertified if he 
passes it and satisfies the other two prerequi- 
sites. If he should fail the examination in 1984, 
he may take it again in 1985 and 1986. 

We must assure the public that thoracic 
surgery is practiced competently in the United 
States. Thus recertification is necessary, and the 
ABTS has designed a recertification process that 
is based primarily on continuing education and 
demonstration of clinical competence. The ABTS 
welcomes comments and suggestions from dip- 
lomates concerning this proposed plan for recer- 
tification; these will be given due consideration 
as details of the recertification process are 
worked out. The ABTS is hopeful that recertifica- 
tion will be a satisfying learning experience and 
not an intolerable burden for thoracic surgeons. 


Current Status of Certification of 
Training Programs in Vascular Surgery 


W. Sterling Edwards, M.D. 


Many graduates of approved general or thoracic 
surgical training programs are being certified 
with only a brief exposure to peripheral vascular 
surgery, yet these individuals receive permis- 
sion from hospital accreditation committees to 
perform dangerous and unforgiveable technical 
procedures. As a consequence lives and limbs 
are being lost unnecessarily. These criticisms 
have been leveled recently at the disorganized 
state of training in vascular surgery by three 
presidents of two prestigious surgical societies, 
the Society for Vascular Surgery and the North 
American Chapter of the International Car- 
diovascular Society [1, 2, 4]. Their concern is 
shared by many others because of suboptimal 
results from vascular operations performed 
by inexperienced surgeons. A considerable 
number of vascular operations are still being 
performed by the surgeon who handles only an 
occasional case. This contention is supported by 
a survey carried out by the American Hospital 
Association in 1969 indicating that fewer than 10 
elective abdominal aortic aneurysm resections 
were performed in 75% of hospitals reporting 
any that year [3]. 

With this background, the membership of the 
Society for Vascular Surgery and the North 
American Chapter of the International Car- 
diovascular Society passed a resolution at their 
1972 joint meeting recommending and endors- 
ing a certification method for recognition of spe- 
cial competence is vascular surgery under the 
aegis of the American Board of Surgery. In 1974 
the American Board of Surgery, as a result of this 
resolution, established a vascular surgery com- 
mittee consisting of three members of the Board 
(J. Davis, D. Skinner, G. Zuidema), three mem- 
bers representing the two vascular societies (J. 
Thompson, E. J. Wylie, and E. Szilagyi), and one 
representative of the American Board of 
Thoracic Surgery (S. Edwards). The charge to 
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this committee was to make recommendations 
to the American Board of Surgery of ways to 
improve training in vascular surgery and to 
explore the impact such recommendations 
would have on existing general and thoracic 
surgical residency programs if implemented. 

After an initial exploration of the possibilities 
and problems of establishing a certificate of spe- 
cial competence in vascular surgery for indi- 
viduals who have received adequate training in 
this area, the committee decided that the time 
was not ripe for this approach and it is no longer 
under consideration. It was decided that vascu- 
lar surgery training could be best upgraded by 
examining and certifying programs which meet 
certain minimum standards of training. Briefly, 
the essentials of such programs would be as fol- 
lows. 


1. Training programs may be of three types: 

a. A free-standing supplemental program 
after the completion of an approved res- 
idency in general or thoracic surgery. 

b. A year of residency within an approved 
general surgical residency. 

c. A year of vascular training within a 
thoracic program, the time requirement 
for vascular training being in addition to 
the minimal requirements for qualifica- 
tion by the American Board of Thoracic 
Surgery and having only one break in con- 
tinuity. 

d. Certain existing thoracic surgical pro- 
grams with a rich component of vascular 
surgery clinical material organized for 
graduate teaching with administrative 
and instructional framework (described 
below) may be exempted from all or part of 
the requirement of an additional period of 
training. The assessment of the qualifica- 
tions of a thoracic surgical program for 
such exemption shall be carried out by the 
same evaluating agency that performs this 
function for general surgical programs. 

2. The program must be organized as an identi- 
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fiable unit under the direction of a qualified 
vascular surgeon who has responsibility for 
policy and teaching. 

3. The senior-level trainee must serve no less 
than twelve months on this unit except under 
special circumstances in which there is 
abundant clinical material. The minimum 
training period may not have more than one 
break in continuity. In programs with par- 
ticularly abundant clinical material, a fraction 
of the twelve months spent at a level one year 
below senior, not exceeding four months, 
may be included in the one year of senior 
experience. Experience as a rotating resident 
at levels of training earlier than one year be- 
fore senior cannot be counted toward the 
minimum time requirement. The time con- 
tent should be in addition to the minimal 
four-year clinical requirement of the Ameri- 
can Board of Surgery or the minimal two-year 
requirement of the American Board of Tho- 
racic Surgery, except for those thoracic pro- 
grams described under d. 

4. The number of major reconstructive vascular 
procedures performed by the trainee as re- 
sponsible surgeon must be no less than 70 
and should represent a balance of the spec- 
trum of vascular lesions roughly in propor- 
tion to their frequency of occurrence. 


General surgical or thoracic surgical programs 
that developed such vascular programs, after 
having been examined and approved, would be 


recognized by a special listing such as an as- 
terisk beside the name of the program in the 
Directory of Approved Residencies. Other gen- 
eral or thoracic residencies without such pro- 
grams would not be penalized in any way, nor 
would they be coerced to change. Thoracic res- 
idencies that included vascular training 
throughout the two-year program could con- 
tinue to do so. The examining agency for certifi- 
cation of vascular programs would be adminis- 
tered under the Residency Review Committee 
for General Surgery with representation from 
the Residency Review Committee for Thoracic 
Surgery, and it would be composed of surgeons 
recognized for their expertise in vascular 
surgery. 

These recommendations were approved by 
the American Board of Surgery in July, 1976, and 
forwarded to the Residency Review Committee 
for General Surgery for implementation. 
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Guilds, Boards, and Hobgoblins 


Thomas B. Ferguson, M.D. 


ABSTRACT The American specialty board system 
is viewed in the historical perspective of a quest for 
quality assessment of surgical trainees. Beginning 
with the American Board for Ophthalmic Exam- 
inations in 1916, a system of 22 boards has developed 
which, by their training requirements and exam- 
inations, essentially dictate the length and content of 
all postgraduate educational programs. 

The time has come for the boards, as a powerful 
force in postgraduate education and in organized 
medicine, to reassess their position and to be sensi- 
tive to the responsibilities they have for the future. 
The events of history suggest six changes that might 
be profitable. (1) Recognize their purpose to be 
broader than the administration of certifying exam- 
inations. (2) Recognize that the certificate is now a 
license, and deal squarely with this issue. (3) Initi- 
ate and support needed medical reforms while the 
private sector can still do so. (4) Assume a leader- 
ship role in the shaping and future direction of grad- 
uate medical education. (5) Relinquish a degree of 
autonomy in order to strengthen the American Board 
of Medical Specialties. (6) Define their place in 
the medical scene and reorganize their board struc- 
tures accordingly. 

The primary responsibility of the boards should be 
to make certain all aspects of resident training in 
approved programs are sound. Long-range goals 
should be the elimination of the certifying examina- 
tion, and public recognition and approval of specialty 
status attainment. 


My purpose is to look at the medical specialty 
board system in perspective—its origins, de- 
velopment, and present condition—to gain an in- 
sight into the future of graduate medical educa- 
tion in the United States. You are familiar with 
Santayana’s often quoted homily about history, 
“Those who cannot remember the past are con- 
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demned to repeat it.” More to my liking is the 
remark of that noted philosopher Harry S. Tru- 
man, “The only thing new in the world is the 
history you don’t know.” Or, from Eugene 
O'Neill, “There is no present or future—only the 
past, happening over and over again—now.” 
How true these are. Let me trace six lessons from 
history which I believe can help us chart the 
future. 


Lesson Number One 

Henry VIII, King of England from 1509 to 1547 
(Fig 1), is remembered principally because he 
was the Tommy Manville of the sixteenth cen- 
tury. For this activity divorce was necessary, 
and this was a breach of Papal authority. Among 
the many repercussions of Henry’s break with 
the Roman Catholic Church was a medical one. 
As England emerged from the Dark Ages, 
surgery was practiced by either military sur- 


Fig 1. Henry VIII, King of England 1509-1547. 
Portrait by Hans Holbein. (The National Gallery, 
Rome, Italy.) 
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geons who had gained their experience on the 
battlefield, or barbers who had learned minor 
surgery from the monks. From 1300 to the be- 
ginning of the sixteenth century these two 
groups functioned independently, the barbers 
being the larger and more prestigious group. 
When Henry ordered the monasteries closed, 
many monks with a knowledge of surgery were 
loosed among the general population, and they 
did some surgical work to earn a living. It was 
this glut on the labor market that persuaded 
Henry to bring order to the surgical ranks by 
uniting the barbers and the surgeons with an act 
of Parliament in 1540. Figure 2, a painting by 
Hans Holbein, depicts this historic union. King 
Henry could not have known what a great im- 
petus this was to be for the specialty of surgery. 

The Company of Barber-Surgeons was one of 
the City of London Livery Companies under the 
control of the Lord Mayor (Fig 3). Livery com- 
panies were highly structured trade organiza- 
tions, or guilds. A guild is defined as an organi- 
zation of persons with related interests and 
goals, especially one formed for mutual aid or pro- 
tection. The word comes from the Old English 


Fig 2. Painting by Hans Holbein of Henry VIII 
granting a charter to the Barber-Surgeons Company in 
1540. (The National Gallery, Rome, Italy.) 





gild (gegyld), meaning “money.” Each major liv- 
ery company was organized ina similar fashion; 
each possessed its own barge on the Thames and 
took part in city functions. The Barber-Surgeons 
Company was controlled by four masters, two 
barbers and two surgeons, elected annually. 


The Company of Barber-Surgeons (1540) 
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Fig 3. Seventeenth century print depicting 12 trades 
representative of City of London Livery Companies. 
(Courtesy of G. Unwin, The Gilds and Companies of 
London. London, Frank Cass Co, Ltd.) 


Anyone wishing to join had to be registered at 
the Company hall and apprenticed to a member 
for seven years. He then was given an examina- 
tion by the Court of Examiners. If successful, he 
became a freeman, or yeoman, of the city. In 
time he might become a liveryman, entitled to 
wear the uniform of the Company. From the 
liverymen, members of the Court of Assistants 
and the Court of Examiners were elected for life. 
The Court of Assistants directed all the affairs of 
the Company except for the examinations. The 
oral examination, given by the Barber-Surgeons 
Court of Examiners, represents the first formal 
attempt at quality assessment of surgical 
trainees in the English-speaking world. 

The Barber-Surgeons Company controlled 
surgery in metropolitan London for two cen- 
turies. However, as medical knowledge and 
training increased, it was inevitable that the 
surgeons would petition for a separate com- 
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pany. The man responsible was William 
Cheselden (Fig 4). He was a well-known sur- 
geon and teacher of anatomy who devoted seven 
years to this effort. King George II (Fig 5) created 
an independent company of surgeons in 1745, 
205 years after Henry VIII had formed the 
Barber-Surgeons Company. 

The Surgeons Company (Fig 6) had a bright 
beginning and great potential but foundered 
miserably in its 55 years of existence. At the 
outset the Company severed its civic connec- 
tions, abolished all order of rank in favor of 
simple membership, and eliminated all livery 
and heraldry. Surgeons Hall was built (Fig 7). 
The Court of Examiners met here regularly for 
the purpose of testing candidates. In spite of 
lofty ideals and a dedication to its examining 
process, the Surgeons Company declined in 
general influence over the next five decades. 
Indeed, it was saved from extinction only by 
vigorous efforts that culminated in a charter 
signed by George III (Fig 8) in 1800, transform- 
ing the Surgeons Company into the Royal Col- 
lege of Surgeons of London. 


and Hobgoblins 
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Fig 4. William Cheselden (1688-1752), responsible for 
the establishment of an independent Surgeons 
Company. (Bust by Roubillac. Courtesy of Z. Cope, 
The Royal College of Surgeons of England. London, 
Blond & Briggs, 1959.) 


Why did the Surgeons Company fail to meet 
its potential? History records that its chief offi- 
cers, the master and wardens, were always 
elected from the Court of Examiners. 


The Company of Surgeons (1745-1800) 


Master 
Wardens 
Court of Assistants Court of Examiners 
/ 
Members 
(Examination) 
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Apprentices 








Fig 5. George II, King of England 1727-1760, granted 


a charter to the Surgeons Company in 1745. (Artist 


unknown. From the Collection of Her Majesty the 
Queen, Windsor Castle.) 


The Surgeons. 





Fig 6. Arms of the Surgeons Company. (Courtesy of 
W. C. Hazlitt, The Livery Companies of the City of 
London, by Permission of Macmillan, London and 
Basingstoke.) 
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Fig 7. The old Surgeons Hall. (Courtesy of Z Cope, 
The Royal College of Surgeons of England. London, 
Blond & Briggs, Ltd, 1959.) 
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Fig 8. George III, King of England 1760-1820, 
granted the charter transforming the Surgeons 
Company into the Royal College of Surgeons of 
London in 1800. (Engraving by H.J. Tyroff from 
portrait by Richard Wilson of George III as Prince of 
Wales. From the Collection of Her Majesty the 
Queen, Windsor Castle.) 


As this court increased in prestige and power, it 
was natural that the Court of Assistants, the 
business arm of the organization, declined in 
importance and ultimately ceased to meet. The 
Court of Examiners, although in total control, 
took little interest in anything but the examina- 
tion. This is history lesson number one. 


Lesson Number Two 


The College of Surgeons from its inception 
reinstated the Court of Assistants, later called 
the Council. A limited tenure on both the Coun- 
ciland the Court of Examiners was recognized as 
desirable. These changes assured the Royal Col- 
lege continued vitality and long life (Fig 9). And 
of course surgery did not evolve in a vacuum. 
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Fig 9. The present Royal College of Surgeons. 
(Courtesy of Z. Cope, The Royal College of Surgeons 
of England. London, Blond & Briggs, Ltd, 1959.) 


Medical practice in the early 1800s was con- 
trolled by the College of Surgeons, the College of 
Physicians, and the Society of Apothecaries. 
The apothecaries were permitted to advise on 
medical cases but could charge only for prescrip- 
tions dispensed. As the population of London 
grew, a physician was needed who could 
evaluate the patient’s initial complaints, dis- 
pense medication, and, in addition, perform 
minor operations. To fill this need many 
apothecaries became members of the College of 
Surgeons, and thus the primary care physician 
was born. The Medical Act of 1858 incorporated 
the surgeon-apothecaries as the Royal College 
of General Practitioners. Each of the three 
colleges—Surgeons, Physicians, and General 
Practitioners—was responsible for the certifica- 
tion of qualified individuals within its branch of 
medicine. Also, a General Medical Council was 


established consisting of representatives from 
each of the colleges plus six members appointed, q 
by the Crown. The intent clearly was that thïs 
council would supervise the medical profession 
in the interest of the public. These are the words 
of John Simon in 1857, commenting on the at- 
titude of Parliament toward the proposed coun- 
cil. “If the principle be admitted that a [General 
Medical] Council contemplated in the proposed 
plan may be trusted with large discretionary 
powers it will be unnecessary to touch by direct 
enactment [of Parliament] any one of the exist- 
ing Boards [ie, the three Royal Colleges], except 
where the certificates of such Boards are to be 
used as legal warranty of qualification to prac- 
tise.” This statement is significant in several 
ways. It places the responsibility for good medi- 
cal practice squarely on the shoulders of the pro- 
fession, but at the same time recognizes that the 
government too has a responsibility. It draws a 
distinction between certification and licensure 
by suggesting that a certificate denotes only that 
the bearer has special talents, and that the gov- 


12 The Annals of Thoracic Surgery Vol 24 No 1 July 1977 


ernment has no business interfering with the 
issuance of this certificate unless it is used ulti- 
mately as a license to practice medicine. This is 
history lesson number two. 


Lesson Number Three 

The difference between medicine in England 
and medicine in America was never more strik- 
ing than after the Civil War. England had de- 
veloped a caste system based on graduate ed- 
ucation. Medical schools were part of the great 
London hospitals, and staff appointments were 
offered only to those with the higher diplomas 
of the Royal Colleges. In America, by contrast, 
from the beginning all physicians were created 
equal. The badge was the M.D. degree, no mat- 
ter what school issued the diploma. Our fine 
medical schools, beginning with the College of 
Philadelphia in 1765 (Fig 10), were allied to edu- 
cational institutions rather than to hospitals, but 
there were no controls, and commercial schools 


Fig 10. College of Philadelphia 1765, seat of the first 
American medical school. (Painting by Charles M. 
Lefferts. Courtesy of G. W. Corner, Two Centuries of 
Medicine. Philadelphia, J. B. Lippincott Co., 1965. 
By permission of the Trustees of the University of 
Pennsylvania.) 


flourished. In 1800 there were just four medical 
colleges; between 1800 and 1900 more than 400 
medical schools were founded. Hospital practice 
was virtually unknown; it is estimated that in 
1876 there were only 178 hospitals in the coun- 
try. By professional default, medical licensure 
became a function of individual states in 1870. 
Medical education and practice reached a low 
ebb; organization and reform were needed. For- 
tunately, our best minds recognized these prob- 
lems and began to do something about them. 
The Association of American Medical Colleges 
was formed in 1876 to upgrade teaching 
standards. The American Medical Association 
began to be a unifying force with publication of 
the Journal in 1888. The Council on Medical Edu- 
cation of the AMA was set up in 1904. The 
Flexner Report in 1910 led to the merging or 
closing of 92 schools. The American College of 
Surgeons was founded in 1913 to identify the 
surgical specialist, upgrade hospitals, and con- 
trol fee splitting. 

Two things were striking about these early 
social reforms in American medicine: (1) they 
were carried out internally, and quite success- 
fully, by the profession with no government 
help or intervention; and (2) they were accom- 
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plished at least 50 years later than they should 
have been. This is history lesson number three. 


Lesson Number Four 


It was into this setting of beginning social 
awareness by the medical profession that the 
American specialty board system was born. The 
American Board for Ophthalmic Examinations 
was established in 1916. Dr. Edward Jackson of 
Denver (Fig 11) was the prime architect. The 
need arose because many men calling them- 
selves eye specialists were in fact optometrists 
and oculists. Dr. Jackson, wanting to identify 
the ophthalmologist, proposed a national exam- 
ining board patterned after the English system 
and recommended a format still followed by all 
American specialty boards today. Members 
were to be selected on a rotating basis from the 


Fig 11. Edward Jackson, M.D. (1856-1942), Denver, 
principal founder of the American Board for 
Ophthalmic Examinations in 1916. (From Cordes FC, 
Rucker CW: History of the American Board of 
Ophthalmology. Am ] Ophthalmol 53:248, 1962. 
Courtesy of the American Journal of 
Ophthalmology.) 





related specialty societies and the Section on 
Ophthalmology of the AMA to certify that the 
candidate possessed a satisfactory level of com- 
petence. The certificate was not to be construed 
as an academic degree, a license to practice the 
specialty, or even an honors document indicat- 
ing superior talent. Jackson did predict cor- 
rectly, however, that certification would be 
sought by most of those desiring to specialize. 
Significantly, Jackson recommended that two 
years of study be required before the candidate 
could take the examination. Aside from the 
intern year needed in some states for licensure, 
this was the first stipulated period of training 
after the M.D. degree. It was to change all gradu- 
ate medical education. This is history lesson 
number four. 


Lesson Number Five 

Otolaryngology was the only board founded in 
the decade of the twenties, but stimulated by 
World War II, specialization flourished, and by 
1945 there were 16 boards; today there are 22. 
Each new board was remarkably cohesive for its 
specialty, but each also represented a fragmenta- 
tion from the medical community as a whole. 
Every segment of medicine had a stake in 
specialization and reason to want orderly 
growth, but there was no master plan to follow. 
Willard C. Rappleye (Fig 12), Dean of Columbia 
University College of Physicians and Surgeons, 
fostered such a plan with the formation of the 
Advisory Board for Medical Specialties in 1933. 
The word advisory, however, presaged its lack of 
effectiveness, and for 37 years the Board 
functioned as a clearing house for minutiae 
without the clout to solve the big problems. It 
was reminiscent of some wag’s description of a 
dead atheist: all dressed up and nowhere to go. 
In 1970 the Advisory Board was reorganized as 
the American Board of Medical Specialties 
(ABMS), and now the boards have a more vigor- 
ous spokesman. The ultimate success of the 
ABMS will depend upon the degree of au- 
tonomy each board is willing to relinquish. 
There is a saying that goes: Busy people happily 
keep to themselves. This must explain why it is 
that physicians are reluctant to work with other 
physicians or groups outside their own area of 
interest. This is history lesson number five. 
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Fig 12. Willard C. Rappleye, M.D. (1892-1976), 
Dean, Columbia University College of Physicians 
and Surgeons, New York, cofounder of the American 
Board of Medical Specialties, 1933. (Courtesy of D. F. 
Tapley, Dean, Columbia University College of 
Physicians and Surgeons, New York.) 


Lesson Number Six 


In 1963 John S. Millis (Fig 13) was asked by the 
AMA to look at the problems of graduate medi- 
cal education. Dr. Millis himself directed the 
manner in which this would be done. A Citizens 
Commission on Graduate Medical Education 
was formed, consisting of three physicians, 
three university presidents, two distinguished 
scientists, a former Supreme Court Justice, a 
lawyer, and a sociologist. It is worth noting that 
the much maligned AMA was thus responsible 
for initiating the two major medical reforms in 
this century: the Flexner Report in 1910, which 
reorganized undergraduate medical education, 
and the Millis Report in 1966, which is still reor- 
ganizing graduate medical education. Both re- 
ports were important and far reaching, in large 
part because they contained independent views 





Fig 13. John S. Millis, Ph.D. (b1903), Chancellor 
Emeritus, Case Western Reserve University, 
Cleveland, Chairman of the Citizens Commission on 
Graduate Medical Education, 1966. (Courtesy of Dr. 
Millis.) 


from within and outside the profession. Ab- 
raham Flexner was an educator who had made 
an extensive study of teaching methods at the 
college level. In addition to his report on medical 
education, Flexner was responsible for the 
founding of the Institute for Advanced Study at 
Princeton in 1930. John Millis, as Chairman of 
the Citizens Commission, was President of 
Western Reserve University in Cleveland. 
Medicine should recognize the value of advice 
from sources beyond the medical community. 
This is history lesson number six. 

The Citizens Commission recommended that 
the free-standing internship be abolished, that 
general medical education end with the M.D. 
degree, and that specialization be the goal of all 
graduate medical education. The report defined 
the primary care physician as a specialist like all 
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undergraduate and graduate medical education. 

(From American Board of Medical Specialties, Annual 
Report, 1975-1976.) 


other specialists. The commission further 
suggested that graduate medical education be 
under the aegis, but not the full responsibility, 
of the teaching institutions, and finally that a 
commission on graduate medical education be 
established to see that all the foregoing hap- 
pened. The commission’s philosophy about this 
central body was explained in this way: “The 
suggestion that such a central body be estab- 
lished will be interpreted as a threat to the inde- 
pendence of many of the agencies and organiza- 
tions that now have responsibility for some part 
of graduate medical education. This interpreta- 
tion will be correct; the purpose of the proposal 
is to reduce the independence of a number of 
existing bodies in order to achieve a more effec- 
tive and flexible organization.” 

Look at the tangible by-products of the inde- 
pendent thought and reflection of 11 citizens in 
just 10 years. The intern year is now postgradu- 
ate year 1 (PG-1). A new specialty board, Family 
Practice, now exists. Seven of every eight 
American medical school graduates are in 
university-affiliated programs. The medical 
network shown in Figure 14 has been de- 
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veloped. As the “central body” of the Millis Re- 
port, the Coordinating Council on Medical Edu- 
cation (CCME) now enunciates policy that af- 
fects all health care; the Liaison Committee on 
Medical Education (LCME) accredits the medi- 
cal schools; the Liaison Committee on Graduate 
Medical Education (LCGME) oversees the resi- 
dency review committees, which in turn approve 
the residency programs, and the newly created 
Liaison Committee on Continuing Medical 
Education (LCCME). This organizational struc- 
ture has yet to prove its ultimate worth, but the 
important thing to me is that it is composed of 
physicians working with all sorts of other physi- 
cians and health care experts. 


Overview 


And so history now arrives at the present. What 
lessons have we learned, where does the spe- 
cialty board system stand in the scheme of 
things, and what of the future? 

In the early years the boards were guilds, even 
fraternities, with requirements such as citizen- 
ship, AMA or specialty society membership, 
and evidence of moral and ethical rectitude. 
Now the majority of physicians, including the 
family practitioners, are board certified. In 1942 
there were fewer than 20,000 diplomates. In 1975 
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there were 166,364, representing more than half 
the active physician population. In 1916 Dr. 


Jackson suggested two years of postgraduate . 


preparation before taking the Ophthalmic Board 
examination. In 1940 there were about 5,000 ap- 
proved residencies. In 1975 there were 62,512 
postgraduate (intern and resident) positions 
filled, anumber greater than the total undergrad- 
` uate medical population (56,244). Graduate med- 
ical education has become a giant, with the length 
and content of the training programs essentially 
dictated by the specialty board system. This edu- 
cational task approximates that of the medical 
schools in undergraduate medical education. 
Viewed in this light, the responsibility is awe- 
some. 

Also, since the early years—and in a way over 
which the boards had no control—the certificate 
has become a license, both for those who have it 
and for those who do not. The genesis of this 
change was the American Hospital Association 
recommendation to member hospitals in the 
1930s that specialty certificates be used in de- 
lineating hospital privileges. Preferential recog- 
nition was given to diplomates during World 
War II by means of the military occupation spe- 
cialty, or MOS, code. And just after the war, the 
Veterans Administration first used the certifi- 
cate to differentiate payment for service by offer- 
ing diplomates an additional 25% salary beyond 
base pay. Today board certification is manda- 
tory for medical staff membership in some hospi- 
tals and is necessary in certain situations for 
third-party payment. For the physician in a spe- 
cialty practice, what used to be a badge of excel- 
lence is now a required charter. 

Taking our clues from history, what should be 
the place of the specialty board system in the 
medical complex of the future? My thoughts are 
these. (1) The boards must recognize their pur- 
pose to be broader than the administration of 
certifying examinations. Recall the Company of 
Surgeons in 1745. (2) The boards must come to 
grips with the changing image and use of the 
certificate. Recall the words of John Simon in 
1857. (3) The boards have become a major force 
in organized medicine and must be responsible 
for initiating and supporting needed reforms. 
And reforms evolve slowly. Recall the plight of 
nineteenth century medicine. (4) The boards 
must assume leadership in the shaping and fu- 


ture direction of graduate medical education. 
Recall the recommendation of Dr. Jackson in 
1916. (5) Each board must relinquish a degree of 
autonomy in order to strengthen the ABMS. 
This will change a federation of 22 to a party of 
one. Recall the efforts of Dean Rappleye in 1933. 
(6) Each board should define its expanded role in 
the medical scene and reorganize its board struc- 
ture accordingly. It would be profitable to obtain 
honest representation from outside the specialty 
even outside the medical profession. Recall the 
Millis Commission of 1966. 

These proposed changes should make the 
specialty boards, individually and collectively, 
more influential, rather than less. With the 
boards playing a vital role, graduate medical 
education will be crystalized, defined, and or- 
ganized properly. Strong training programs will 
survive, weak ones will fail. Approval of train- 
ing programs should remain with the Residency 
‘Review Committees and the LCGME, but the 
boards should function so as to make certain all 
aspects of resident training in approved pro- 
grams are sound. The ultimate goal, then, will 
be the elimination of the certifying examination. 
Viewing graduate medical education as an 
academic endeavor similar to undergraduate 
medical education, completion by the candidate 
of the required period of training to the satisfac- 
tion of the program director and with the ap- 
proval of the board should be adequate. I know 
of no medical school which awards the M.D. 
degree on the basis of a single examination. 
Under this scheme in-training examinations to 
chart progress would take on added meaning. 

And speaking of degrees, I see nothing 
against, and a great deal to be gained by, the 
open recognition of specialty status attainment. 
Four years of medical school are awarded by the 
letters M.D. which you wear after your name for 
the rest of your life. Seven years of postgraduate 
education in thoracic and cardiovascular 
surgery entitles you to a certificate which you 
place on the office wall behind the door and 
which means little or nothing to the patients 
passing through. This is the supreme paradox. I 
suggest that specialty certification be dignified 
by the appropriate letters behind the M.D. de- 
gree. Following is a list of current specialty 
board chairmen with a suggested board identifi- 
cation. 
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Paul C. Adkins, M.D., D.B.T.S. (Diplomate, 
American Board of Thoracic Surgery) 

George E. Burket, Jr., M.D., D.B.F.P. (Diplo- 
mate, American Board of Family Practice) 

Paul A. Ebert, M.D., D.B.S. (Diplomate, Ameri- 
can Board of Surgery) 

Albert B. Ferguson, Jr., M.D., D.B.O.S. (Diplo- 
mate, American Board of Orthopedic Surgery) 

Arthur S. Keats, M.D., D.B.A. (Diplomate, 
American Board of Anesthesia) 

Robert G. Petersdorf, M.D., D.B.I.M. (Diplo- 
mate, American Board of Internal Medicine) 


The British physician has always been precisely 
identified. Our own society’s President-Elect, if 
he were practicing in the United Kingdom, 
would be: 


Mr. F. Henry Ellis, M.B., M.S., F.R.C.S. (U.K.) 


Adoption of such a system would be more than 
an ego builder: it would clearly identify the 
physician with his specialty at all times and to all 
persons, lay and professional; it would have the 
effect of putting the professional aspect of cer- 
tification into the public sector without federal 
control. 

Let no one misconstrue my remarks. I am a 
devout believer in the board system, in what it 
has done and what it can do. But times are 
changing and the system must change with the 
times. In 1867 Benjamin Disraeli said, “Change 
is inevitable. In a progressive country change is 
constant.” The boards, of course, are aware of 
the problems I have mentioned and some 
changes are under way. But to paraphrase Char- 
lie Chaplin, our only enemy is time. 

The title of this address is “Guilds, Boards, 
and Hobgoblins.” Where, you say, do the hob- 
goblins come in? One of my favorite quotations 
for the surgical resident who has a tendency to 
lock in to one, and only one, way of doing things 
is this passage from Emerson: “A foolish consis- 
tency is the hobgoblin of little minds.” The spe- 
cialty board system is not represented by little 
minds, it is represented by some of the best 
intellects in medicine. Let us not in the future 
repeat the mistakes of the past. 


This concludes my remarks about the board sys- 
tem. I would like to end with a perscnal observa- 
tion and a suggestion. Albert Einstein charac- 
terized the twentieth century as a period of 


unlimited techniques and a confusion of ob- 
jectives. The physician, throughout his train- 
ing and life long, is concerned about illness; 
the nation—everyone out there—is concerned 
about health. These objectives are not the same, 
and as physicians we are under the gun because 
they are not. I can think of no better example to 
cite than that of bronchogenic carcinoma. The 
classic paper by Wynder and Graham suggest- 
ing the link between lung cancer and cigarette 
smoking was written in 1950. The Surgeon Gen- 
eral’s Report on Smoking was published in 1964. 
That same year, this Society was founded. In the 
ensuing 12 annual meetings, 35 papers have 
been presented that relate directly or indirectly 
to bronchogenic carcinoma as an illness. Yet this 
is the first meeting at which cigarette smoking is 
not permitted during the scientific sessions. 
This manifests our concern with illness, our lack 
of concern with health. 

And yet I don’t share the “Chicken Little” 
attitude of some of our confreres about govern- 
ment intrusion. Our corporate strength is 
humanism. No matter how complex the dis- 
tribution of health care becomes, no matter how 
devious the reimbursement structure, the most 
satisfactory and successful care is vis-a-vis—a 
one-to-one relationship between a patient anda 
physician. We want it that way, and more im- 
portantly, our patients want it that way. 
Genuine concern for the patient’s welfare, extra 
time spent in explaining what we are capable 
of doing and what we are not capable of doing, 
make the patient and his family a partner in the 
daily gamble we call medical practice. Each of us 
can recall instances when for one reason or 
another we have become emotionally involved 
in a patient’s illness and given of ourselves to 
that patient. And win or lose, the family re- 
members us with kindness longer, and we re- 
member the patient and his family longer than 
our brilliant technical triumphs that come and 
go every day. This commodity is a mighty influ- 
ence, which, if believed in and nurtured, defies 
federal purchase, manipulation, and spindling 
or mutilating. It is already lost forever to some 
socialistic systems in the world today. 

How to preserve this commodity? Heed the 
words of just three medical care consumers. 

Anne Somers, expert in medical economics 
and the publicmember of the American Board of 
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Medical Specialties: “What the public (not the 
government) hopes for is a continued quality 
medical care and voluntarily assumed public ac- 
countability by the medical sector.” 

Dr. Albert Starr, patient: “I knew before my 
surgery thai the relatives are always very grate- 
ful, but I never realized the extent of this 
gratitude. It’s a very strong feeling, a kind of 
love relationship. That’s very important to bear 
in mind as deliverers of health care in our daily 
dealings with patients. With all the reports in 
the press these days criticizing medical care in 
this country, doctors sometimes have the feeling 
they are under attack. However, as long as we do 
our jobs well and can win our patients’ affection, 
we will have a tremendous constituency.” 

And finally, one sentence that says it all. 
These words are from Lois Wheeler Snow, after 
the death of her husband from carcinoma of the 
pancreas. “There is yet a limit to technology; 
there is none to humanity, beyond our own 
making.” 
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Early and Late Results of Closure 
of Ventricular Septal Defect in Infancy 


Joachim G. Rein, M.D., Michael D. Freed, M.D., William I. Norwood, M.D., 


and Aldo R. Castaneda, M.D. 


ABSTRACT Fifty infants ranging in age from 13 
days to 18 months (mean age 6 months) and weighing 
from 1.7 to 8.2 kg (mean weight 4.5 kg) underwent 
patch closure of a ventricular septal defect (VSD) 
with use of deep hypothermic circulatory arrest. Se- 
venteen infants were under 3 months of age. The 
principal indication for operation was intractable 
chronic congestive heart failure. All infants were 
below the third percentile for weight preoperatively. 
Three patients (6%) died postoperatively within the 
second month of life. There was no late mortality. 
Seven infants (14%) had seizures; these were as- 
sociated with a low output state in 2 infants, with 
hypoxic episodes in 4 infants, and occurred post- 
operatively in 1 infant. Postoperatively, 8 (17%) of 
the surviving infants developed right bundle-branch 
block and left anterior hemiblock, and 16 (32%) de- 
veloped right bundle-branch block alone. One year 
postoperatively, catheterization studies in 24 chil- 
dren revealed normal pulmonary artery pressure and 
pulmonary vascular resistance in all; there were no 
significant residual ventricular septal defects. Be- 
cause of these results we continue to be enthusiastic 
about primary closure of VSD irrespective of age or 


weight. 


Of 428 critically ill infants with ventricular septal 
defect (VSD) studied over a seven-year period in 
New England as part of the Regional Infant Car- 
diac Program, 130 (30%) required operation 
within the first year of life because of intractable 
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chronic congestive heart failure and growth fail- 
ure.* Choice.of operation has been between 
banding the pulmonary artery (PAB) and closing 
the VSD. In the past, PAB was generally favored; 
more recently, because of the development and 
popularization of deep hypothermic circulatory 
arrest techniques as well as improvements in 
the care of sick infants, one-stage closure of 
the VSD is being advocated in anumber of centers 
[1, 4, 6, 17, 21]. Primary correction potentially 
avoids the jeopardy of two surgical procedures 
and lessens the psychological and economic 
burden .on the family. It also avoids a 
number of relatively common complications re- 
lated to PAB [8-11]. Ultimately, however, the 
superiority of one-stage closure of VSD in 
symptomatic infants depends on documenting 
the benefits of early closure by an objective 
demonstration of improved long-term func- 
tional results without increased risk of mor- 
tality and morbidity. To this end, we have re- 
viewed our experience with closure of isolated 
VSDs in infants using the technique of deep 
hypothermic circulatory arrest. 


Material and Methods 


From January, 1973, to December, 1976, 50 
infants—27 girls and 23 boys, ranging in age 
from 13 days to 18 months (mean age 6 months) 
and weighing from 1.7 kg to 8.2 kg (mean weight 
4.5 kg}—underwent closure of VSD (major lesion) 
with use of deep hypothermic circulatory arrest 
(Fig 1). Five of these babies had been born pre- 
maturely and weighed from 1.7 to 2.5 kg at oper- 
ation; 5 had had prior operations (Table 1). The 
principal indication for operation in all 50 pa- 
tients was intractable congestive heart failure 
and failure to thrive. All patients were below the 
third percentile for weight. All had pulmonary 
artery hypertension, and many had had recur- 
rent respiratory infections. All patients under- 


*Fyler DC: Personal communication, 1976. 
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Fig 1, Age and weight at operation of 50 infants who 
underwent VSD closure with use of deep 
hypothermic circulatory arrest. The solid line 
represents the third percentile for weight. 


went at least one preoperative heart catheteriza- 
tion study that included a left ventricular 
cineangiogram in the left anterior oblique pro- 
_ jection. 


Operative Procedure 


All operations were done using deep hypother- 
mic circulatory arrest with surface cooling and 
extracorporeal core cooling and rewarming. De- 
tails of this technique have been previously de- 
scribed [19, 20]. Without exception, the VSD 
was closed with a knitted Dacron patch and in- 
terrupted sutures (5-0 Tevdek) reinforced with 
Teflon-felt pledgets. The location, type, and 
number of VSDs are listed in Table 2. In 47 
patients (94%), including the 4 with multiple 
VSDs, the defects were closed through the right 
atrium. The septal and anterior leaflets of the 
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tricuspid valve were retracted but notincised. A 
left apical ventriculotomy was used in 2 patients 
who had defects of the low-lying portion of the 
muscular septum. The only subpulmonary de- 
fect (conal-septal hypoplasia) was exposed 
through a small transverse right ventriculotomy. 
Hypothermic circulatory arrest time ranged 
from 18 to 66 minutes (mean, 40 min). Early in 
our experience (February, 1973) a large atrioven- 
tricular canal type VSD in a 4¥2-month-old in- 
fant was deliberately only partially closed to 
avoid heart block. This child required a PAB 24 
hours later. The only other patient who had PAB 
during the period covered by this report had 
multiple VSDs (subaortic and two muscular de- 
fects). Attempts at closure of both muscular de- 
fects through the tricuspid valve at 7 months of 
age failed, and because of a large residual shunt 
(PA Sao, > 85%) the pulmonary artery was 
banded during the same operation, 

A patent ductus arteriosus was ligated in 6 
patients prior to cardiopulmonary bypass. A pa- 
tent foramen ovale in 14 patients and a secun- 


Table 1. Infants with Operations Prior to VSD Closure 


Patient First Second 

No. Operation Age Operation Age 

1 Coarct + PDA 3 days VSD 13 days 
2 PDA + PAB 2 wk VSD + debanding 5 mo 
3 PDA 4 wk VSD 3 mo 
4 PDA 7 wk VSD 6 mo 
5 Coarct + PDA + PAB 5mo VSD + debanding - B2 mo 


Coarct = resection of coarctation of aorta; PDA = interruption of patent ductus arteriosus; VSD = patch closure of ventricular 


septal defect; PAB = pulmonary artery banding. 
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Table 2. Location, Type, and Numbers of VSDs 


No. of 
Type of VSD Patients 
Subacrtic 41 (82%) 
(conoventricular) ` 
Multiple? 4 (8%) 
Atrioverttricular 2 (4%) 
canal type 
Muscular 2 (4%) 
Subpulmonary 1 (2%) 


(cor.al-septal hypoplasia) 


‘Multiple VSDs included: conoventricular and 2 muscular (1 
patient); conoventricular and 1 muscular (1 patient); and 
conoventricular and atrioventricular canal type (2 patients). 


dum type atrial septal defect in 1 patient were 
also closed. 


Postoperative Management 


To facilitate postoperative care, we left a 19- 
gauge catheter in the left and right atria and in 
the main pulmonary artery and a 20-gauge 
catheter in a radial artery. Pressures were 
monitored continually, and blood samples were 
withdrawn to determine cardiac output (Fick 


method with assumed oxygen consumption). 


and to detect intracardiac or pulmonary shunts. 
Generally, these catheters were removed 24 
hours postoperatively. Recently, we have also 
placed a 2F thermistor in the main pulmonary 
artery to measure cardiac output by thermodilu- 
tion. 

All infants were kept on a volume-cycled res- 
pirator (Bennett MA-1) for at least 24 hours. The 
patients were weaned from the ventilator by 
progressively decreasing the inspired oxygen 
concentration and the frequency of intermittent 
mandatory ventilation. During these maneu- 
vers, a 2 cm H,O positive end-expiratory pres- 
sure was maintained. 

Temporary epicardial pacemaker wires were 
placed in all patients and were connected to a 
demand pacemaker. Positive inotrcpic agents 
were not used routinely; only 3 of the 50 patients 
received isoproterenol or dopamine postopera- 
tively. Two of these patients eventually died. 

We attempt to have all patients return for 
catheterization one year after operation in order 
to measure pulmonary artery pressure, calculate 


' P 24 8ts 


pulmonary vascular resistance (measured oxy- 
gen consumption), and verify whether the de- 
fect is completely closed. 


Results 
Hospital Mortality 


There were 3 hospital deaths (6%) and no late 
deaths (Table 3). All 3 deaths occurred in infants 
who were in the second month of life (34, 48, and 
60 days and 2.0, 2.5, and 2.9 kg, respectively). 
Two were premature; the 48-day-old infant was 
cachectic with bilateral pneumonia when admit- 
ted to the hospital, and was dependent on 
mechanical respiratory and ventilatory support 
preoperatively. This child remained in a low- 
output state postoperatively and died three days 
later. At postmortem examination the VSD 
(conoventricular type) was well closed. The sec- 
ond premature infant (34 days, 2.0 kg) died 
immediately postoperatively of bleeding froma 
laceration of the right upper pulmonary vein. 
The third child suffered a cardiac arrest shortly 
after returning to the intensive care unit. An 
emergency thoracotomy failed to show the sus- 
pected mediastinal tamponade. Although ini- 
tially resuscitated, she remained in a low- 
output state and died three days postoperatively 
following several episodes of uncontrolled rapid 
junctional tachycardia. At postmortem examina- 
tion the VSD was completely closed (conoven- 
tricular type). Other findings included acute 


Table 3. Relationship between Age at Operation 
and Death after VSD Closure 


Hospital Deaths 


No. of 
Age Patients No. % 
Days 
1-30 4 0 0 
31-60 7 3a 43 
61-90 7 0 0 
Total 18 3 17% 
Months 
4-6 13 0 0 
7-12 16 0 0 
13-18 3 0 0 
Total 50 3 6% 


"Age of infants who died was 34, 48, and 60 days, respec- 
tively. f 
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renal tubular necrosis and patchy liver necrosis 
as well as intradural, intraventricular, and sub- 
arachnoid hemorrhages and cortical necrosis. 
All these lesions were considered secondary to 
prolonged low cardiac output. 


Postoperative Complications 

Postoperative complications did not seem to be 
age related, and only a few patients required 
special treatment. Nineteen infants had persis- 
tent mild congestive heart failure postopera- 
tively. This was readily controlled with digitalis 
and diuretics in 18, but 1 patient (previously 
discussed) required PAB because of an incom- 
pletely closed atrioventricular canal defect. Early 
postoperative cardiac rhythm disturbances, all 
supraventricular, were either of short duration 
or responded well to treatment. Of greater im- 
portance were the postoperative conduction dis- 
turbances (Table 4). All 8 patients who devel- 
oped right bundle-branch block (RBBB) and left 
anterior hemiblock (LAH) postoperatively had 
a conoventricular VSD; only 1 had transient (24 
hours) complete heart block postoperatively. No 
patient has required permanent pacing. 

Seven patients had seizures that responded 
readily to either sedation or diphenylhydantoin. 
Seizures associated with a low-output state de- 
veloped in 2 who died. In all survivors the medi- 
cations were discontinued during hospitaliza- 
tion, and none has required treatment after 
discharge. In addition, 7 infants developed 
athetoid movements that were short-lived and 
disappeared spontaneously. 


Table 4. Electrocardiographic Changes after 
VSD Closure in 47 Patients 


ECG 

Finding Preop Postop 
RBBB 0 16 (34%) 
LAD 4 4 (9%) 
RBBB + LAH 0 8 (17%) 
TCHB 0 6 (13%) 
PCHB 0 0 (0%) 


RBBB = right bundle-branch block; LAD = left axis devia- 
tion; LAH = left anterior hemiblock; TCHB = temporary 
complete heart block; PCHB = permanent complete heart 
block. : 


Fourteen patients (28%) had atelectasis post- 
operatively, but only 4 patients (8%) required 
ventilatory support beyond 48 hours. One 
4-month-old infant was kept on the respirator 
for 21 days; he recovered fully. One patient de- 
veloped chylothorax and right phrenic nerve 
palsy, neither of which necessitated operation. 
Mild transient (24 to 48 hours) hemoglobinuria 
was noted in 10 patients. 


Postoperative Weight Changes 

All infants were below the third percentile for 
weight before closure of the VSD. The post- 
operative change in weight in those with one- 
year follow-up is shown in Figure 2. Of the 6 
infants who remained below the third percen- 
tile, 1 had PAB and mild congestive heart fail- 
ure, 1 developed subaortic stenosis and coarcta- _ 
tion after VSD closure, 1 had psychomotor retar- 
dation documented preoperatively, and 1 had 
moderately severe aortic regurgitation. 


Early and Late Postoperative Hemodynamic 
Results 

Thirty patients had early (24 hours) postopera- 
tive studies, including measurement of systolic 
pulmonary artery pressure and shunt calcula- 
tions. Twenty-four patients had complete heart 
catheterization studies approximately one 
year postoperatively. Changes between the 
preoperative and the early and late postopera- 
tive values of pulmonary/systemic flow ratios 


Fig 2. Change in weight one year after closure of VSD 
forthe 21 children in whom one-year follow-up is 
available. 
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(Q,/G,), pulmonary artery pressure (PAP), and 
pulmonary vascular resistance (PVR) are shown 
in Figures 3, 4, and 5. Preoperatively the Q,/Q; 
averaged 4.2/1 (range, 2/1 to 7/1). Within 24 hours 
after operation this flow ratio decreased to a 
mean value of 1.3/1. While 13 patients had no 
residual shunt, clinically insignificant Q,/Q,; 
(1.1/1 to 2.0/1) was measured in 16, probably due 
at least in part to leakage through the Dacron 
patch. The only patient with a significant re- 
sidual shunt (Q,/Q, = 3/1) required PAB after the 


Fig3. Preoperative and postoperative 
pulmonarylsystemic flow ratios (Q,/Q,). Dashed 
lines indicate mean values. 
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Fig4. Preoperative and postoperative pulmonary 
artery systolic pressure. Dashed lines indicate mean 
values, shaded area represents normal range. 
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atrioventricular canal type VSD was deliberately 
incompletely closed. 

One year postoperatively no residual shunt 
was detected in 20 of 24 patients (83%), and 
clinically insignificant pulmonary/systemic flow 
ratios of less than 1.5/1 were measured in 4 pa- 
tients. 

The average systolic PAP before closure of the 
VSD was 74.5 mm Hg, ranging from 27 to 110 
mm Hg. Twenty-four hours postoperatively the 
peak pressure decreased to an average of 33 mm 
Hg (20 to 55 mm Hg), and one year postopera- 
tively the PAP was within normal range in all 
patients studied. 

Five of the patients in whom one year post- 
operative studies are available for comparison 
had a preoperative PVR above 4.0 U/m? (4.1 to 
9.9 U/m?*). Four of these infants were 12 months 
of age at the time of operation; their PVR ranged 
from 4.5 to 9.9 U/m?, while the PVR of the fifth 
patient, a 5-month-old infant, was 4.1 U/m’. 
One year postoperatively, PVR was within nor- 
mal limits in all patients. 

Both patients who had undergone prior resec- 
tion of coarctation (see Table 1) had residual 
gradients of 25 and 40 mm Hg across the anas- 
tomosis. Two other children developed mild 
coarctation with gradients of less than 30 mm Hg 


Fig 5. Postoperative changes in pulmonary vascular 
resistance (Rp) (Un). So far, 17 of the 44 patients 
with preoperative values have been studied one year 
after VSD closure. 
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after closure of the VSD. One patient, who at the 
age of 6 weeks had had closure of multiple de- 
fects, developed a gradient of 150 mm Hg across 
a membranous type subaortic stenosis. The 
same child also developed a progressively in- 
“creasing gradient across a coarctation of the 
aorta. The subaortic stenosis and the coarctation 
were repaired at 20 months and 3% years, re- 
spectively. Another child, who showed no evi- 
dence of left ventricular outflow gradient at 
catheterization preoperatively, had developed 
a 60 mm Hg gradient across a subaortic mem- 
brane at postoperative catheterization. 


Comment 


The pros and cons of pulmonary banding in 
infants requiring operation for a large VSD have 
been discussed amply, and it is not our inten- 
tion to enter this polemic now. Suffice it to say 
that in our experience, PAB in early infancy car- 
ries a substantial risk [14], while subsequent 
debanding and closure of the VSD can be ac- 
complished with an operative mortality of less 
than 10% [7]. We were also disenchanted with 
the many sequelae of PAB; therefore, we became 
interested in developing our own experience 
with primary closure of VSDs. 

We have since learned that primary closure of 
the VSD, as opposed to the two-stage approach, 
can be done with a lower. operative mortality. In 
our series 3 infants died. One death was due toa 
technical error (laceration of the right pulmo- 
nary vein). In another:case a desperate and 
perhaps ill-advised attempt was made to save a 
dying infant with bilateral pneumonia who was 
dependen: upon mechanical ventilatory support 
preoperatively. The third child had an unneces- 
sary emergency thoracotomy for expected tam- 
ponade immediately postoperatively; this pa- 
tient developed a rapid junctional tachycardia 
and never regained adequate cardiac output. 
There have been no deaths from closure of iso- 
lated VSDs in the last 32 patients. Although the 3 
infants who died were all 2 months of age and 
weighed less than 3 kg, 15 patients under 3 
months old survived repair. While it must be 
concluded that repair in infants within the first 
three months of life carries an increased risk, we 
believe, based on these data, that the nature and 
severity of the hemodynamic abnormality and 


not age or weight per se determines mortality in 
this age group. Obviously, the younger the in- 
fant, the greater the demand for specialized 
facilities and for precision in postoperative care. 

We favor the transatrial approach for repair of 
all conoventricular (subaortic) and atrioven- 
tricular canal type VSDs and for some of the 
high-lying muscular VSDs. The exposure of the 
defect, particularly of its critical posteroinferior 
margin, is excellent. The concern expressed by 
Barratt-Boyes [2] of a possible higher incidence 
of residual VSDs or tricuspid incompetence re- 
lated to this approach fortunately has not mate- 
rialized. We are encouraged by the late (one 
year) postoperative hemodynamic results. As 
expected, in the patients studied one year post- 
operatively, PVR was within normal limits. Se- 
vere pulmonary vascular changes, although 
rare, can occur in VSDs before 2 years of age, and 
considering the extremely low risk of closure 
of VSDs earlier in life—even for critically ill 
infants—we now prefer to repair large VSDs 
with pulmonary artery hypertension electively 
at approximately 12 to 16 months of age. Thus 
the risk of pulmonary vascular obstructive dis- 
ease developing in any child with a large VSD 
should be avoidable. 

The “catch-up” growth pattern of most of 
these infants after VSD closure is most gratifying 
[18]. From these data, inadequate postoperative 
weight gain strongly suggests the existence of 
either a residual or an additional lesion. 

We are concerned about the high incidence of 
RBBB and LAH in our series and in other reports 
[15, 22, 25]. Additional efforts are necessary to 
identify exactly where the damage to the 
specialized atrioventricular conduction system 
occurs. Although it is theoretically possible for 
RBBB and LAH to be caused by operative trauma 
to the distal part of the bundle of His, one would 
expect a higher incidence of at least transient 
complete heart block (edema of the posterior left 
bundle) if this were true; but only 1 of the 8 
patients with RBBB and LAH had transient (24 
hours) complete heart block. It seems more 
likely that the damage occurs peripheral to the 
bundle of His. Thirty-five percent of all our pa- 
tients developed RBBB alone after transatrial 
closure of the VSD, and those with RBBB and 
LAH had a normal P-R interval on their elec- 
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trocardiogram. Whether changes in technique 
will influence the incidence of these conduction 
abnormalities remains to be seen. 

Much concern has been expressed about the 
possible sequelae of deep hypothermic circula- 
tory arrest. Reports in the early 1960s of brain 
damage following deep hypothermia [3] sen- 
sitized cardiac surgeons against this technique 
and essentially eliminated its use until Horiuchi 
[13] and later Hikasa [12] proved the safety of 
such procedures in children. However, seizures 
and choreoathetosis do occur in patients sub- 
jected to deep hypothermic circulatory arrest [5, 
16, 20]. In our experience hypothermic circula- 
tory arrest has not contributed to mortality; how- 
ever, questions still remain regarding short- and 
long-term effects of arresting the circulation to 
such flow-dependent organs as the central ner- 
vous system. Several authors [16, 20, 23, 24] have 
attempted to evaluate behavioral and intellec- 
tual function in children who have undergone 
repair of cardiac lesions using this technique. 
Recognizing the limitations of intelligence tests 
in children less than 6 years of age (the majority 
of these patients), gross deviation from the nor- 
mal distribution has not been reported. 

The incidence of seizures in our patients seems 
high. However, evaluation of the acute transient 
neurological disorders is difficult because factors 
other than hypothermic circulatory arrest influ- 
ence the development of seizures in infants. In 2 
children, both in a low-output state, seizures 
occurred shortly before death; in 3 others sei- 
zures were traced to respiratory failure that had 
required reintubation. One seizure episode oc- 
curred following suspected tamponade and 
open chest massage. A seventh child had sei- 
zures and opisthotonus preoperatively. Length 
of operation, and particularly length of 
hypothermic circulatory arrest, does not corre- 
late with the appearance of postoperative sei- 
zures. In the 5 surviving infants the seizures 
were promptly controlled by either sedation or 
diphenylhydantoin. None of these patients re- 
quired anticonvulsive treatment aftez discharge 
from the hospital. Our postoperative protocol 
includes neurological examination and psy- 
chometric testing five years postoperatively. 
We hope the initial results of this study will 
become available within one year. 


Based on our experience so far, we remain 
enthusiastic about primary repair of all types of 
VSDs in infants, irrespective of age or weight. 
We favor the use of deep hypothermic circula- 
tory arrest in infants weighing less than 8.0 kg. 
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Discussion 

DR. FRITZ SEBENING (Munich, Germany): I congratulate 
the authors on their interesting presentation, which I 
had the pleasure to preview. The paper lends new 
support to the concept of primary closure of VSD. Ina 
recent report of 409 cases, a mortality of 16.4% was 
calculated for banding of the pulmonary artery, and 
33% for the completed two-stage procedure. In con- 
trast, when we reviewed the literature of the last two 
years, we found 389 cases with a 12.9% early mortality 
for primary closure of VSD in infants under 1 year of 
age. 


Closure of VSDs can be achieved as safely through 
an atriotomy as through a ventriculotomy, though 
many prefer to close the supracristal type through the 
ventricle. On the other hand, in VSDs with displaced 
insertion of the tricuspid valve the atrial approach 
might be easier. 

Deep hypothermic circulatory arrest was employed 
without long-lasting aftereffects in these 50 patients. 
However, late complications—yet unknown—may 
occur. In our own experience, we have restricted clo- 
sure of VSD in the first year of life to infants who 
either have shunts above 60% or have a pulmonary 
artery/aortic pressure ratio greater than 0.8. 

It is of interest that RBBB, thought to be caused by 
ventriculotomy, also occurs with a high frequency after 
VSD closure through an atriotomy. There were 8 pa- 
tients with RBBB and LAH. My question for Dr. Rein is: 
Did you consider prophylactic pacemaker treatment in 
any of these patients? 


DR. K. KWON (Fullerton, CA): I am particularly con- 
cerned with the technique for closure of VSDs. Specifi- 
cally, am speaking of patients in the 25- to 35-year- 
old age groups, those patients who have high pulmo- 
nary artery pressure and in whom the left-to-right 
shunt is greater than the right-to-left shunt. The use of 
the conventional right ventriculotomy approach may 
be detrimental to the survival of these patients. I have 
had success, however, using the transatrial approach 
repair with this type of patient. 

When an atrial approach repair is performed on an 
adult with congenital VSD, it is necessary to cause a 
complete ischemic arrest for 4 to 5 minutes. The heart 
then becomes like a rubber balloon, and the tricuspid 
valve can be opened easily by retracting the septal leaf- 
let. Then a heavy traction suture can be placed on the 
septum and the entire area can be pulled upward. Thus 
the entire field is nicely exposed to facilitate a patch graft. 

I conclude with the belief that in VSD repair in an 
adult, with the exception of multiple muscular types, the 
transatrial approach should be considered. f 


DR. HANS G. BORST (Hannover, Germany): We also 
endorse closing all single VSDs in infancy; I think the 
results are superb. For the last three years we have 
done no banding for single VSD. 

We have closed various VSDs in the first year of life in 
33 patients: 20 were single and isolated, with 1 death; 6 
with associated anomalies, usually atrial septal defect or 
patent ductus arteriosus (the only other death); and 7 in 
conjunction with transposition of the great arteries. 

Our policy has always been to close both supracristal 
and infracristal defects through the right ventricle. We 
believe this is technically easier, and we think it is just as 
rewarding as going through the atrium. Ifthe angiogram 
shows that the defect is clearly infratricuspid and poste- 
rior, however, we prefer to go through the atrium. This 
is especially true for transposition, but we are careful not 
to touch the tricuspid annulus, taking instead the limbus 
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underneath the ring so as not to produce tricuspid insuf 
ficiency. 

These patients have had no complete block, no recur- 
rence of the VSD, no tricuspid insufficiency, and no 
seizures. All operations were performed using extracor- 
poreal circulation at 28°C, which we prefer in all infants. 
We think that cardioplegia is extremely helpful in expos- 
ing these defects. 


DR. REIN: I would like to thank all the discussants for 
their interesting comments. As stated, we are very 
concerned about the high incidence of RBBB and LAH 


in these children. So far this conduction disturbance 
has been well tolerated, and we have not implanted 
any pacemakers for this complication. Although 
Grace Wolff's report of a 12.5% incidence of sudden 
death with RBBB and LAH after tetralogy of Fallot 
repair is very alarming, subsequent reports in the 
literature seem to suggest that this complication is 
significantly less dangerous. Nevertheless, more long- 
term observations are necessary. We might have to 
modify our present views. More important, we must 
strive to eliminate RBBB and LAH asa surgical complica- 
tion related to VSD closure. 





Notice from The Society of Thoracic Surgeons 


Call for Abstracts—1978 Meeting 
(Deadline: August 31, 1977) 


Abstracts for papers to be presented at the 1978 
Annual Meeting of The Society of Thoracic Sur- 
geons are now being accepted. The meeting is to 
be held at the Sheraton Twin Towers Hotel, Or- 
lando, Florida, January 23-25, 1978. 

The deadline for receipt of abstracts is Au- 
gust 31, 1977. An. original and eight copies 
should be submitted on the official society 
abstract form to Marvin M. Kirsh, M.D., Chair- 
man, Program Committee (Abstracts), The Soci- 
ety of Thoracic Surgeons, 111 E Wacker Dr, 
Chicago, IL 60601. The forms are available upon 
request from the Society. Abstracts must sum- 
marize an original contribution not presented or 
submitted elsewhere. Abstracts received after 
the deadline will not be considered. It is re- 
quested that the covering letter indicate the au- 
thor who is to receive notice of acceptance or 
rejection and the author who will present the 
paper. 

The Program Committee reserves the right to 
select papers for either regular or forum-type 
presentation. The author may also designate his 
preference for presentation in the forum. Es- 
sayists are reminded that the complete manu- 
script must be submitted in duplicate either to 
the Editor of The Annals of Thoracic Surgery be- 
fore the meeting or to the Secretary of the Society 
at the meeting, immediately prior to presenta- 
tion. 


Call for Surgical Films 
(Deadline: September 7, 1977) 


The popular surgical movie program will again 
be presented at the Orlando meeting. The Pro- 
gram Committee hereby solicits the submission 
of surgical films, which may portray a surgical 
procedure or simply a technical maneuver that 
the surgeon thinks will be of interest to the Soci- 
ety. The film may not exceed 10 minutes in 
length. Sound movies are acceptable but not 
necessary, and live narration by the principal 
surgeon is a requirement for participation in the 
movie night program. The movies may be on 
Super-8 or 16-mm film. The deadline for sub- 
mission of films is September 7, 1977. Films also 
should be sent to Marvin M. Kirsh, M.D., 
Chairman, Program Committee, at the Society 
office, 111 E Wacker Dr, Chicago, IL 60601. 


Application for Membership 

(Deadline: September 1, 1977) 

Requests for membership application forms 
should be addressed to Charles R. Hatcher, 
M.D., Chairman, Membership Committee, The 
Society of Thoracic Surgeons, 111 E Wacker Dr, 
Chicago, IL 60601. 

The completed application forms and sup- 
porting letters must be in the hands of the Mem- 
bership Committee by September 1, 1977, for 
the applicant to be considered for election at the 
Orlando meeting next January. 


Thomas D. Bartley, M.D. 
Secretary 


Secundum Atrial Septal 


. Defect and Cleft Mitral Valve 


Ross S. Davies, M.D. LTC, COL, David C. Green, M.D., COL, 
and Walter H. Brott, M.D., COL, all MC, USA 


ABSTRACT The association of a secundum atrial 
septal defect and mitral insufficiency is not uncom- 
mon. Five patients with this combination of lesions 
are presented and the pathological anatomy of the 


mitral valve:is discussed. All 5 patients demonstrated. 


a similar cleft mitral valve; 2 had cleft valves when 
only mitral valve prolapse was suspected preopera- 
tively. The surgical implication of these lesions is 
discussed. 


Secundum airial septal defects account for ap- 
proximately 10% of lesions in children with 
congenital heart disease [8]. This is in contrast to 
isolated congenital mitral insufficiency, which 
has been recognized in only 0.5% of children [2]. 
The combination of secundum atrial septal de- 
fect and mitral insufficiency has been recog- 
nized and presents a broad spectrum of mitral 
valve disease. Reports of this association in two 
large series varied from an incidence of 6% of 
patients with secundum defects over a 13-year 
period at the Mayo Clinic [6] to 20% of patients 
analyzed over a 3-year period at the Toronto 
General Hospital [1]. In each series, the most 
common cause for the mitral insufficiency was 
prolapse of a portion of the valve. This, along 
with the whole clinical syndrome of “midsys- 
tolic click and late systolic murmur,” has been 
the subject of intense interest, which has fo- 
cused on auscultatory, Eiecrratoiograp ue; 
and angiographic findings. 

We recently operated on 5 patients having the 
‘combined lesions of a typical secundum atrial 
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septal defect and cleft mitral valve causing mitral 
insufficiency. Four of the patients had moderate 
mitral insufficiency preoperatively, as judged 
by left ventricular angiography. The fifth patient 
had ‘mild. mitral insufficiency. Pathologically, 
the clefts in these patients were similar, al- 
though they were anatomically different from 
the typical cleft so well defined in the complex of 
endocardial cushion defects described by Weyn 
and associates [9]. The presentation, physical 
findings, catheterization and angiographic data, 
pathological findings, and surgical repair form 
the basis for defining this unusual entity. The 
mitral valve abnormality in this association and 
the resulting surgical implications are stressed. 


Materials and Methods 


Of 300 secundum atrial septal defects repaired at 
Walter Reed Army Medical Center from 1960 to 
1974, only 5 patients were noted to have as- 
sociated mitral insufficiency. At the time of sur- 
gical correction of the atrial septal defect no ab- 
normality of the mitral valve was noted in any of 
these 5 patients. In the past 2 years we have 
operated on 5 additional patients who had typi- 
cal secundum atrial septal defects and cleft mitral 
valves causing significant mitral insufficiency. 
All patients were referred through the Cardiol- 
ogy Service at the Walter Reed Army Medical 
Center. Each patient underwent history and 
physical examination, electrocardiogram, chest 
roentgenogram, and cardiac catheterization. 
Two patients had vectorcardiograms and 1 had 
preoperative phonocardiography. The history, 
physical findings, surgical anatomy, and repair 
are summarized. 

Roentgenograms of all patients showed in- 
creased pulmonary vasculature and enlarge- 
ment of the right ventricle. Preoperative ECGs 
demonstrated right axis deviation and right ven- 
tricular hypertrophy in all patients except Pa- 
tient 4, who had left axis deviation thought to be 
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compatible with an endocardial cushion defect. 
All patients underwent right and left heart 
catheterization preoperatively, and all demon- 
strated typical recirculation of contrast material 
at the atrial level with injection of the main pul- 
monary artery. The table summarizes the 
catheterization findings. 

Patient 1 was thought to have a prolapsing 
mitral valve with only a trace of mitral insuffi- 
ciency. Patient 2 was also thought to have a 
prolapsing valve but with 2+ mitral insuffi- 
ciency. Left ventricular angiograms in the right 
anterior oblique position, as shown in Figure 1, 
demonstrate the radiographic findings in the 


Results of Cardiac Catheterization 








Patient No. RA PAWILA PA QQ; 
1 6/6/5 8/8/6 24/6 2.7/1 
2 5/7/14 6/917 30/14 3/1 

3 7/717 9/13/11 30/14 3.5/1 
4 6/8/7 6/9/9 28/10 2.6/1 
5 1/2/1 5/6/5 20/5 2.7/1 





RA = right atrial pressure (A wave/V wave/mean); PAW/LA 
= pulmonary artery wedge or left atrial pressure (A wave/V 
wave/mean); PA = pulmonary artery, systolic-diastolic; 
Q,/Q, = ratio of pulmonary to systemic flow. 


Fig 1. Left ventriculogram in right anterior oblique 
position demonstrating mitral valve prolapse and 
insufficiency. 





first 2 patients. Patient 3 had 2+ mitral insuffi- 
ciency with no demonstrable cleft on prolapse. 
Patient 4 had 2+ mitral insufficiency and ab- 
normal motion of the mitral valve without de- 
monstrable cleft or prolapse. Preoperatively this 
patient was thought to have a septum primum 
defect because of left axis deviation and a low 
catheter pass across the atrial septum, although 
she lacked a “goose-neck” deformity on left ven- 
triculogram. Patient 5 also demonstrated 2 + 
mitral insufficiency, but no cleft or prolapse 


could be discerned. 
All patients were operated on through a me- 


dian sternotomy with aortic root perfusion and 
superior and inferior vena cava cannulation. A 
Galen Optiflo* pediatric oxygenator was used in 
4 patients. A Bentley oxygenatort was used in 
Patient 5. The mitral valve was exposed through 
the atrial septal defect, and suture repair of the 
cleft was accomplished with interrupted sutures 
of 4-0 Tevdek. Prior to repair of the mitral valve, 
the left ventricle was pressurized through the 
left ventricle sump line in an attempt to assess 
the degree of mitral insufficiency. Only in 
Patient 4 was it necessary to enlarge the septal 
defect to facilitate exposure of the mitral valve. 
Intermittent aortic cross-clamping at 
mothermia was used to facilitate exposure as 
needed. Following repair of the mitral valve, the 


nor- 


*Cobe Laboratories, Lakewood, CO. 
tBentley Laboratories, Irvine CA. 
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left ventricle was again pressurized to assess 
valve competence. All the secundum atrial de- 
fects were closed by primary suture using 3-0 
silk. The procedure is shown in Figure 2. 


Case Reports 

Patient 1 

A 9-year-old girl had a murmur noted at age 7 
months. She was asymptomatic and had grown 
and developed normally. Evaluation in Sep- 
tember, 1975, showed her to be asymptomatic 
and without cyanosis. Cardiac examination re- 
vealed a fixed, split Sz; a 2/6 pulmonic flow mur- 
mur; multiple midsystolic clicks; and a soft, 1/6 
pansystolic murmur at the apex. 

At operation, a 2 X 3 cm secundum atrial sep- 
tal defect was found. A cleft in the posterior 
aspect of the aortic leaflet near the posteromedial 
commissure was also discovered. The cleft ex- 
tended to the annulus, and the edges were de- 
void of chordal attachments. Pressurization of 


Fig 2. Surgical exposure of the mitral valve througha 
secundum atrial septal defect. 
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the ventricle demonstrated insufficiency only at 
the cleft. Following repair, no insufficiency 
could be determined. Postoperatively no mitral 
insufficiency has been detected. However, the 
patient still has multiple midsystolic clicks. 


Patient 2 

An asymptomatic 8-year-old boy was referred 
for evaluation of a heart murmur. Cardiac exam- 
ination revealed a 2/6 pulmonary ejection mur- 
mur, a 3/6 pansystolic murmur at the apex with 
radiation to'the axilla, and multiple midsystolic 
clicks. 

At operation a 3 cm secundum atrial septal 
defect was found. A thrill was noted over the left 
atrium, and billowing of the posterior leaflet 
could be palpated through the atrial septal de- 
fect. A cleft was found in the posterior aspect of 
the aortic leaflet extending to the annulus. In 
addition, there appeared to be mild myxoid de- 
generation of the free edges of the cleft. The cleft 
was repaired, and no thrill was palpable at com- 
pletion of the procedure. Postoperatively the pa- 
tient remains asymptomatic with neither a 
murmur of mitral insufficiency nor “clicks.” 
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Patient 3 

An asymptomatic 4-year-old girl had had a 
murmur since 21⁄2 years of age. Cardiac examina- 
tion revealed a 3/6 pulmonic flow murmur; fixed, 
split Sz; a diastolic rumble; and a high-pitched, 
2/6 pansystolic murmur at the apex. 

At operation a 3 cm secundum atrial septal 
defect was found. A typical cleft in the posterior 
portion of the aortic leaflet, the site of 3+ insuffi- 
ciency with pressurization of the ventricle, was 
found. Following repair, no insufficiency could 
be detected. Postoperatively the patient remains 
asymptomatic, and no murmurs of mitral insuf- 
ficiency can be detected. 


Patient 4 

A 6-year-old girl had a murmur noted at 2 years 
of age. At age 6, during evaluation for a seizure 
disorder, she was restudied. Cardiac examina- 
tion revealed a thrill in the mid left sternal bor- 
der, a 3/6 pulmonic flow murmur, a diastolic 
rumble along the left sternal border, and a harsh, 
4/6 pansystolic murmur at the apex. Preopera- 
tively she was thought to have a primum defect 
because of a large shunt and a low atrial catheter 
pass despite the absence of a typical goose-neck 
deformity. 

At operation a secundum atrial defect was 
found with a cleft in the posterior portion of the 
aortic leaflet of the mitral valve, the site of the 
insufficiency. Following repair, mild mitral in- 
sufficiency could be detected, but no thrill was 
noted at completion. This patient had post- 
pericardiotomy syndrome manifested by fever 
and pericardial effusion, but she responded to 
conservative therapy. Postoperative recatheteri- 
zation, necessitated by persistent mitral insuffi- 
ciency, demonstrated approximately 3+ mitral 
insufficiency. She remains asymptomatic but 
will require close follow-up. 


Patient 5 


A 21-year-old woman had a murmur noted ona 
routine physical examination. Cardiac examina- 
tion revealed a fixed, split S,; a 3/6 pulmonic flow 
murmur; and a 3/6 pansystolic murmur at the 
apex. 

At operation a3 X 3 cm secundum defect was 
found. A typical cleft in the posterior portion of 
the aortic leaflet of the mitral valve was discov- 
ered, but it did not extend to the annulus. In 


addition, insufficiency was noted in the central 
area of the aortic leaflet, where there was central 
elongation of the leaflet tissue and thickening of 
the chordae tendineae. Following repair of the 
cleft and plication of the central area, mild mitral 
insufficiency was noted centrally. Postopera- 
tively the patient has done well but still has a 2/6 
pansystolic murmur at the apex. 


Figure 3 shows the mitral valve abnormalities 
and surgical repair as described in the case re- 
ports. 


Comment 

Congenital mitral insufficiency due to a cleft of 
the anterior leaflet with an associated secundum 
atrial septal defect was first reported by Hara 
and Char in 1966 [4]. The largest series describ- 
ing this entity is that of Goodman and Hancock 
[3]. They reported 5 cases of atrial septal defect, 
each of which was associated with a cleft in the 
anterior, posterior, or both leaflets. One patient 
exhibited a sinus venosus type of septal defect; 
the others had typical secundum defects. The 
valve lesions in these patients had constant in- 
sertion of normal chordae tendineae at the free 
edges of the cleft, as described by Murray and 
Wilcox [7]. In our patients, none of the clefts had 
chordal attachments at the free edges. The chor- 
dae were otherwise normal except in Patient 5, 
who had thickening of the central chordae in an 
area of elongation of the leaflet tissue. Kirklin 
and Wallace [5] emphasized the difficulty of 
preoperative diagnosis and stressed careful in- 
traoperative evaluation because, in this entity, 
simple closure of the secundum atrial septal de- 
fect alone can worsen the hemodynamic effects 
of the mitral regurgitation. 

We agree that preoperative evaluation of the 
mitral valve is difficult. Only 1 of our patients 
had any elevation of left atrial pressure 
preoperatively. Two were thought to have 
classic midsystolic click/late murmur syn- 
drome, but at operation they were found to 
have a cleft in the anterior leaflet. In these 2 
patients the murmur of mitral insufficiency was 
absent postoperatively; however, 1 patient hada 
persistent midsystolic click. Both will be re- 
studied to determine whether billowing of 
either mitral leaflet persists. Preoperatively, 1 
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Fig 3. Mitral valve abnormality and surgical repair 
as performed in all 5 patients. 


patient was thought to have an ostium primum 
defect because of a low catheter pass across the 
atrial septum at catheterization despite the lack 
of a goose-neck deformity on left ventriculog- 
raphy; she was found to have a typical cleft 
anterior leaflet and a secundum defect. At re- 
catheterization she had residual mitral insuf- 
ficiency. The remaining 2 patients exhibited 
mitral insufficiency without angiographic evi- 
dence of either cleft or prolapse. One of these 
patients has residual mitral insufficiency, prob- 
ably secondary to elongation of the midportion 
of the anterior leaflet and central chordae be- 
cause of myxoid degeneration. She will need 
careful follow-up to determine any progression 
of her mitral valve disease. The other patient has 
no residual mitral insufficiency. 

To assess the condition of the mitral valve of 
any patient with secundum atrial septal defect 
and physical signs of mitral insufficiency or click 
murmur syndrome, careful examination must 


include left ventriculography. Our small 
number of patients seems to indicate that even 
those with click murmur syndrome and secun- 
dum atrial septal defect may have a surgically 
reparable mitral valve rather than only a prolaps- 
ing posterior leaflet as a cause of the mitral insuf- 
ficiency. Whether suture repair of the cleft in 
these patients will affect the long-term fate of the 
mitral valve and its function is unknown. Pa- 
tients with mitral valve prolapse or click murmur 
syndrome must be followed to determine the 
course of the prolapsing leaflet and whether 
valve replacement will ultimately be required. 
Those without demonstrable prolapse and hav- 
ing only a simple cleft repair must also be fol- 
lowed to judge the long-term effectiveness of the 
repair. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-fourth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Marco Beach Hotel, Marco Island, FL, 
on November 3-5, 1977. There will be a $100 
registration fee for nonmember physicians ex- 
cept for guest speakers, authors and coauthors 
on the program, and residents. There will be a 
Postgraduate Program on Thoracic Trauma pre- 
ceding the regular program. At present this 
meeting has not been approved for Category I 
CME credit. 

Manuscripts of papers accepted for the pro- 


gram must be submitted to The Annals of 
Thoracic Surgery by October 15, 1977. 

Applications for membership should be com- 
pleted by September 1, 1977, and forwarded to 
James L. Alexander, M.D., 40 Medical Arts 
Center, Savannah, GA 31405. Hotel reser- 
vations may be made by writing to the Marco 
Beach Hotel, 400 South Collier Boulevard, Marco 
Island, FL 33937. 


J. Kent Trinkle, M.D. 
Secretary-Treasurer 


Calcium Microemboli and 


Microfilters in Valve Operations 


Teuvo K. I. Larmi, M.D., Pentti Kärkölä, M.D., Matti I. Kairaluoma, M.D., 
Seppo Sutinen, M.D., and Arja Partanen-Talsta, M.D. 


ABSTRACT Fatal microemboli occurred in 3 of 100 
consecutive patients having aortic valve replacement; 
2 occurred during perfusion before the microfilter 
era, and 1 occurred intraoperatively despite the use of 
in-line filters. In all 3 patients cerebral symptoms 
were present immediately postoperatively, and each 
died of severe brain damage. On postmortem exam- 
ination cerebral calcium microemboli were verified 
in only 2 patients, although the brain of each patient 
contained minute infarctions. However, calcium par- 
ticles were found in the kidneys of all 3 patients. Thus 
the kidneys proved to be the best place for detection 
of calcium emboli on postmortem examination. Al- 
though the microfilters currently available effectively 
prevent microemboli during extracorporeal circula- 
tion, the surgeon should be aware that embolization 
can also occur immediately after discontinuation of 
perfusion. The means of protecting the patient from 
this are discussed. 


Nonfat emboli, the majority of which are com- 
posed of fibrin and platelets, and only a few of 
small calcium fragments, are much less common 
than fat emboli [2, 3, 6]. In patients with a heav- 
ily calcified valve annulus, when satisfactory 
debridement of the annular tissue is technically 
difficult, or sometimes impossible, there is a 
high risk of calcium microemboli. Prior to our 
use of microfilters 2 patients died as the result of 
calcium embolization during perfusion. There- 
after we used microfilters. 

In reducing microembolization during ex- 
tracorporeal circulation the advantages of mi- 
crofilters outweigh their disadvantages, which 
are minimal [1, 5]. However, despite the use of 
microfilters in both arterial and cardiotomy 
lines, 1 patient undergoing double valve re- 


From the Departments of Surgery, Pathology, and Forensic 
Medicine, University of Oulu, Oulu, Finland. 


Accepted for publication Nov 2, 1976. 


Address reprint requests to Dr. Larmi, Department of 
Surgery, University of Oulu, SF-90220 Oulu 22, Finland. 


34 


placement died of generalized calcium micro- 
embolization, which evidently occurred im- 
mediately after discontinuation of perfusion. In 
all 3 patients cerebral symptoms were present 
immediately postoperatively, an indication of 
cerebral embolism, and each patient died of se- 
vere brain damage. The unexpected occurrence 
of fatal, generalized calcium emboli, in spite of 
the use of microfilters, in the last patient 
prompted us to report our experience and dis- 
cuss some possible means of preventing calcium 
microembolism. 


Case Reports 

One hundred patients have undergone aortic 
valve replacement with the Björk-Shiley 
tilting-disc valve at Oulu University Central 
Hospital. In 3 patients (3%) fatal calcium mi- 
croembolization occurred intraoperatively, in 
Patients 1 and 2 during perfusion before micro- 
filters were available and in Patient 3 despite 
our use of 27 u Bentley microfilters* (a pore size 
designed to retain particles larger than 20 u) in 
both arterial and cardiotomy lines, evidently 
after discontinuation of perfusion. All opera- 
tions were performed using a bubble 
oxygenator, hemodilution, and mild hypother- 
mia, with the vented heart beating empty at 
31°C, and with continuous coronary perfusion, 
as reported elsewhere [4]. Routine precaution- 
ary measures to prevent air and calcium emboli 
were carefully carried out for each patient. These 
included using and adjusting an apical vent dur- 
ing perfusion, rinsing the aortic root and left 
ventricle with saline solution after excision of 
the valve and using wall suction in this context, 
putting the patient in the Trendelenburg posi- 
tion during closure of the aortotomy incision, 
removing air from the aortic root by way of a 
venting needle placed through the aortotomy 


*PF 427 extracorporeal bypass filter, Bentley Laboratories, 
Inc, Santa Ana, CA. 
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line, and expelling air from the left ventricle 
through the apical stab incision before closing 
it. 


Patient 1 


A 52-year-old man underwent aortic valve 
replacement—without microfilters—for aortic 
regurgitation. Macroscopically the excised aortic 
valve was only fibrotic. Microscopically the 
valve showed fibrosis and areas of fibrinoid de- 
generation surrounded with histocytes, indicat- 
ing active rheumatic inflammation. A few cal- 
cium deposits measuring 20 to 250 u in diameter 
were observed. Immediately after operation the 
patient was slightly unconscious; he reacted to 
painful stimuli and suction, but had no paresis. 
During the next few days unconsciousness 
deepened and renal damage was noted. He died 
on the twentieth postoperative day. 

At postmortem examination some micro- 
scopic infarctions, 1 to 2 mm in diameter, were 
seen in the brain. A few of these contained 
basophilic concrements, measuring 15 to 80 u in 
diameter, which were indistinguishable from 
those calcium concrements observed in the ex- 
cised valve. Similar concrements, 20 to 60 mw in 
diameter, were found in a few arteries of the 
kidneys. The heart was hypertrophic and the 
prosthesis was well in place, but an infarction 
was found in the anteroseptal myocardium. In 
addition, universal and pulmonary ath- 
erosclerosis, chronic passive congestion of the 
liver and spleen, splenic infarct, pulmonary 
edema, and incipient bronchopneumonia were 
observed. 


Patient 2 


A 55-year-old man was operated upon for com- 
bined aortic valve disease. No filters were used 
during aortic valve replacement. The aortic valve 
was heavily calcified, and calcium deposition 
continued into the annulus and myocardium. 
Microscopically there was fibrosis and massive 
calcium deposits. The broken concrements var- 
ied from 3 to 85 mw in diameter (Fig 1). Im- 
mediately postoperatively he was hypotonic, 
unconscious, and showed signs of a slight 
hemiparesis. He remained deeply unconscious 
and paretic, and died of intestinal hemorrhage 





Fig 1. Excised aortic valve. Fibrosis and broken 
calcium particles measuring 3 to 85 win diameter. 
(H&E; x350.) 





Fig 2. Minute infarction of the brain with phagocytic 
cells. A large and a small basophilic concrement in 
the center. (H&E; X350.) 


48 days postoperatively. Renal function re- 
mained satisfactory during his postoperative 
course, 

On postmortem examination several baso- 
philic concrements measuring 15 to 200 mw in 
diameter were found in the brain (Fig 2) and in 
the arteries of the kidney (Fig 3) and left adrenal 
gland. The concrements were similar to those 
observed in the excised valve. Numerous mi- 
nute infarctions, some of which were connected 
with the concrements, were seen in the brain 
(Fig 2). The myocardium was hypertrophic, with 
some fibrosis, and small resorbing infarctions 


36 The Annals of Thoracic Surgery Vol 24 No 1 July 1977 





Fig 3. A small renal artery with a large basophilic 
concrement. (H&E; X350.) 


could be seen in the anterior and posterior wall. 
The prosthesis was in good condition. The coro- 
nary arteries were sclerotic. There was chronic 
congestion of the lung with incipient broncho- 
pneumonia and diffuse mucosal hemorrhage of 
the colon, which was filled with blood. 


Patient 3 

A 47-year-old man underwent double valve re- 
placement for aortic and mitral insufficiency. 
Microfilters were in place in both arterial and 
cardiotomy lines during perfusion. The mitral 
valve was heavily calcified, and calcium also con- 
tinued into the left ventricular wall. Microscopi- 
cally the aortic valve showed areas of fibrinoid 
degeneration and histiocyte proliferation, indi- 
cating active rheumatic inflammation, but no 
calcium deposits. There was calcified fibrosis 
with lymphocyte and plasma cell infiltration in 
the mitral valve. The size of the broken concre- 
ments varied from less than 10 yu to 300 u. Post- 
operatively the patient was hypotonic, uncon- 
scious, and slightly paretic. Focal convulsions 
and signs of tubular renal failure occurred on the 
third postoperative day. He became deeply 
unconscious and died of brain damage and 
uremia on the sixth postoperative day. 

On postmortem examination a basophilic 
concrement measuring 25 X 40 u was seen ina 
myocardial artery; several similar ones, with 
diameters from less than 10 to 50, were seen 
in an artery of the kidney. Sections of the brain 


showed numerous minute infarctions but no 
material reminiscent of calcium emboli. Hemo- 
globin casts in the kidney indicated tubular 
damage. The prostheses in the heart seemed to 
be intact. In addition, myocardial hypertrophy 
and fibrosis, slight universal atherosclerosis, 
pulmonary edema, chronic passive congestion 
of the liver, a few small acute gastric ulcers, and 
petechial hemorrhages in the skin and oral mu- 
cosa were found. 


Comment 


Calcium emboli represent a rare but dangerous 
complication of open-heart surgery [6]. The fre- 
quency of the lethal generalized calcium emboli 
in the present series was 3%. In all 3 patients 
calcium particles were detected in the kidneys, 
but in only 2 were they found in the brain. The 
microscopical examinations revealed small 
brain infarcts in every patient. In 2 patients the 
cause of the infarcts could be explained on the 
basis of calcium emboli, but in 1 no calcium was 
detected either in the brain tissue or in small 
cerebral vessels. Because calcium fragments very 
often become displaced into the brain tissue 
during preparation of histological sections, the 
presence of calcium particles inside a vessel was 
sometimes difficult to verify. 

The brain was more sensitive than were the 
kidneys to embolic events; clinical diagnosis of 
brain damage was obvious in every patient, but 
clinically significant renal damage developed in 
only 2. However, the kidneys proved to be the 
best place for microscopical detection of calcium 
microemboli. The kidneys consist of vessels of 
different sizes; therefore they are a very good 
filter when embolic particles of any size become 
wedged. 

Microscopical studies revealed that the em- 
bolized basophilic concrements in the tissues 
were almost certainly the same as the calcium 
fragments in the valve tissues. We also learned 
that the macroscopical appearance of the dis- 
eased valve can be misleading. In the patient 
with aortic regurgitation the leaflets of the aortic 
valve looked and felt fibrotic without calcium 
deposit. However, this patient experienced le- 
thal calcium emboli, and microscopical examina- 
tion of the excised valve definitely disclosed cal- 
cium in the valve tissue. 
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We measured the size of the calcium particles 
in the myocardium and kidneys of Patient 3, in 
whom microfilters were used during perfusion. 
Several embolic concrements were larger than 20 
pin diameter. Accordingly, embolization in this 
patient must have occurred intraoperatively, but 
after perfusion was discontinued. The in- 
traoperative occurrence of the embolic event is 
based on the fact that the patient showed signs 
of cerebral damage immediately after operation. 

Presently, microfilters are generally accepted 
as an effective means of preventing microemboli 
during perfusion, and the only matter of dispute 
is whether they should be used in both arterial 
and cardiotomy lines or only in one of them [5]. 
This might lull the surgeon into a feeling of false 
security. However, as we observed in Patient 3, 
calcium emboli can occur in spite of all pre- 
cautionary steps. In this patient careful decal- 
cification of the valve annulus and rinsing with 
saline solution were not sufficient to prevent 
intraoperative calcium emboli. Microfilters pro- 
tected the patient as long as they were in place, 
but immediately after perfusion was discon- 
tinued and filters were no longer working the 
embolization occurred. Since this unfortunate 
complication, as an additional protective mea- 
sure we now compress the carotid arteries for 30 
seconds, initially during the opening of the aor- 
tic clamp and again during discontinuation of 
perfusion, when the heart starts to take over. By 
doing so we hope to prevent fatal cerebral cal- 
cium embolism and to direct embolic material to 


other parts of the body, since embolic events 
elsewhere, eg, in the kidneys, have not shown 
themselves to be as dangerous as they are in the 
brain. 

In conclusion, we wish to stress the point that 
although the use of microfilters protects the pa- 
tient from microemboli during perfusion, in- 
traoperative embolization can also occur im- 
mediately after the patient comes off the pump. 
Accordingly, all precautionary measures are still 
necessary to prevent this. 
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The 1977 annual certifying examination of the 
American Board of Thoracic Surgery (written 
and oral) will be held in Chicago in March, 1978. 
Final date for filing application is August 1, 
1977, 


Please address all communications to the 
American Board of Thoracic Surgery, 14624 E 
Seven Mile Rd, Detroit, MI 48205. 


Reversal of Advanced Left 


Ventricular Dysfunction Following Aortic 
Valve Replacement for Aortic Stenosis 


Robert P. Croke, M.D., Roque Pifarre, M.D., Henry Sullivan, M.D., 
Rolf Gunnar, M.D., and Henry Loeb, M.D. 


ABSTRACT A Series of 12 consecutive patients who 
underwent aortic valve replacement (AVR) for aortic 
stenosis complicated by severe left ventricular dys- 
function was reviewed. Ventricular dysfunction was 
reflected by pulmonary congestion, edema, renal and 
hepatic dysfunction, and by severely depressed ejec- 
tion fractions (mean, 13%; range~0-20%). Aortic 
valve replacement was accompanied by mitral com- 
missurotomy in 1 patient and aortocoronary bypass in 
5. Three of 5 patients with greater than 50% coronary 
obstruction died without reversal of heart failure, 
and 1 of the 5 died after a stroke. The 1 survivor of this 
group has done well. 

All 7 patients with minimal or no coronary disease 
survived operation and are now in New York Heart 
Association Class I or II. Postoperative catheteriza- 
tion (2 to 12 months) in 6 patients showed improved 
cardiac index and filling pressures. Left ventricular 
diastolic volume fell from 159 to 82 ml/m’, and ejec- 
tion fraction rose from 13 to 45%. We conclude that 
left ventricular dysfunction owing to aortic stenosis 
alone is reversible and that AVR results in great clini- 
cal improvement. When coronary disease is present, 
survival may be accompanied by great improvement 
but the operative mortality is much higher. 


In several studies of the mortality and results of 
cardiac valve surgery [7, 12, 15], preoperative 
left ventricular function has been emphasized as 
an important prognostic factor, with a de- 
pressed ejection fraction signaling a higher 
operative mortality and less satisfactory results 
in survivors. Since it might be supposed that 
ventricular function could deteriorate to such an 
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extent that operative mortality would be pro- 
hibitively high, or the results universally disap- 
pointing, we have undertaken a review of our 
experience with replacement of stenotic aortic 
valves in the setting of advanced left ventricular 


‘dysfunction. 


Methods 


The records of all patients who underwent aortic 
valve replacement (AVR) for aortic stenosis at 
Loyola University Hospital and the Hines 
Veterans Administration Hospital from July 1, 
1974, through June 30, 1976, were reviewed. 
The 12 patients, each of whom had mark- 
edly depressed left ventricular ejection frac- 
tions of 20% or less were selected for detailed 
analysis. All had undergone preoperative right 
and left cardiac catheterization with standard 
techniques. Preoperative cardiac output was mea- 
sured by the Fick or indicator-dilution technique 
or both. Left ventriculography was per- 
formed by injection directly into the left ventri- 
cle in the right anterior oblique projection. Ven- 
tricular volumes were measured by the method 
of Kasser and Kennedy [14]. All patients had 
preoperative selective coronary arteriography 
by the Sones [19] or Judkins [13] technique. In all 
cases AVR was done with the Bjérk-Shiley 
tilting-disc prosthesis. Moderate systemic 
hypothermia (26°C) was used, and profound 
local hypothermia (2° to 4°C) was established by 
continuous bathing of endocardial and epicar- 
dial surfaces. In the 5 patients who underwent 
aortocoronary bypass (1 vessel in 3 patients, 2 
vessels in 2 patients), the proximal anastomoses 
were completed before cardiopulmonary bypass 
was begun and the distal anastomoses before 
the aortic valve was replaced. Aortic cross- 
clamping was done proximal to the graft inser- 
tion sites so as to allow coronary perfusion. Both 
coronary orifices were cannulated and perfused 
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directly from the arterial line (26°C) in all 12 
patients. Ventricular fibrillation occurred dur- 
ing induction of hypothermia or by electrical 
impulse. Mitral commissurotomy was per- 
formed in 1 patient. In another the intraortic 
balloon pump (IABP) was inserted befare induc- 
tion of anesthesia; in 3 patients IABP was re- 
quired during or shortly after operation. 
Postoperative follow-up (at 10 to 27 months 
for survivors) was conducted by one of the au- 
thors in all cases. At postoperative right heart 
catheterization (6 patients), cardiac output was 
measured by thermodilution [9] and left ven- 
tricular function was analyzed using the levo- 
phase of a pulmonary cinearteriogram. During 
follow-up the Bruce treadmill method [5] was 
used to test exercise tolerance in 7 patients.. 


Patient Population 


The patients were divided into two groups. 
Group 1 included 5 patients whose preoperative 
angiograms showed at least one major coronary 
obstruction (> 50%). Each had aortocoronary 
bypass in addition to AVR. Group 2 comprised 7 
patients: 5 with normal coronary arteriograms 
and 2 with lesions of less than 50%. No Group 2 
patient received a bypass graft. Since the two 
groups were quite similar in most other 
preoperative characteristics (Table 1), the 12 pa- 
tients are described together. 

Mean age of the 11 men and 1 wcman was 
59 years. Preoperatively, 7 were in New York 
Heart Association Class IV and 5 were in Class 
IN. Dyspnea was a prominent symptom, and all 


patients showed marked cardiomegaly and 
pulmonary congestion by physical and radio- 
graphic examination. One patient had overt 
pulmonary edema; none was in shock. Most 
had signs of right ventricular failure, which in- 
cluded jugular venous congestion, pedal edema, 
and hepatomegaly. Two patients had Cheyne- 
Stokes respiratory patterns. Nine had azotemia 
(BUN > 25 mg/100 ml) and 6 had elevation of 
serum bilirubin (> 1.5 mg/100 ml). In several 
patients the murmur and pulse contour typical 
of aortic stenosis were not apparent, probably 
because of the very depressed stroke output. In 
these patients a diagnosis of aortic stenosis was 
not seriously entertained at initial evaluation. 
Detection of aortic valve calcification or thicken- 
ing by fluoroscopy (11 of 12) or echocardiog- 
raphy (9 of 9) was a useful indicator of aortic 
valve disease. Electrocardiographic abnor- 
malities included atrial fibrillation (3 patients), 
left bundle-branch block (2 patients), and in- 
ferior myocardial infarction (1 patient). Hemo- 
dynamic and angiographic data obtained 
preoperatively are summarized in Table 2. Car- 
diac index was reduced (< 2.2 L/min/m’) in 10 of 
the 12 patients. Left ventricular end-diastolic 
volume index (LVEDVI) was increased in 11 of 
the 12 patients (average, 189 mi/m?’). Although 
LVEDVI tended to be higher in Group 1 patients 
(258 ml/m? versus 141 ml/m” in Group 2), this 
difference was not statistically significant. Ejec- 
tion fractions were similarly low in both groups. 
None exceeded 20%, and the average was 13%. ' 
In keeping with very depressed stroke volumes, 


Table 1. Preoperative Clinical Characteristics of 12 Patients with Aortic Stenosis 


and Severe Heart Failure 


Characteristic 


Age (yr) 

Duration of symptoms (mo) 
Functional Class III (no. of patients) 
Functional Class IV (no. of patients) 
Bilirubin (mg/100 ml) l 
Creatinine (mg/100 ml) 

BUN (mg/100 ml) 


Mean (Range)? 





Group 1 Group 2 

61 (52-68) 57 (45-68) 
30 (7-36) 29 (2—96) 

1 4 

4 3 

1.6 (0.9-4.3) ` ` 1.8 (1,1-1.8) 
1.5 (0.8-2.2) 1.5 (1.1-2.1) 
30 (15-51) 31 (24-50) 


"The differences between Groups 1 and 2 are not statistically significant by the unpaired t-test. 


BUN = blood urea nitrogen. 
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Table 2. Preoperative Hemodynamic Characteristics of 12 Patients with Aortic Stenosis 


and Severe Heart Failure 





Mean (Range)* 








Characteristic Group 1 Group 2 
Cardiac index (L/min/m*) 1.9 (1.2-2.1) 1.8 (1.5-2.8) 
LVEDVI (ml/m?) 258 (131-400) 141 (82-257) 
LV ejection fraction (%) 14 (12-16) 13 (=0-20) 
Peak-to-peak gradient (mm Hg) 44 (25-75) 65 (32-92) 
Mean gradient (mm Hg) 42 (16-55) 48 (29-70) 
0.3 (0.2-0.5) 0.3 (0.2-0.4) 


Aortic orifice index (cm*/m?) 


aThe differences between Groups 1 and 2 are not statistically significant by the unpaired t-test. 


LVEDVI = 


the transaortic gradients were not high. The 
mean peak-to-peak gradient was 56 mm Hg, and 
6 patients had peak-to-peak gradients of 50 mm 
Hg or less. The calculated valve orifice areas 
were very small (average, 0.3 cm’/m?; range, 
0.2-0.5 cm/m?). Additional diagnoses of 
some importance included hypertension in 2 pa- 
tients and mitral stenosis in 1. Among the 5 
Group 1 patients with significant coronary ar- 
tery disease, 2 had left main coronary occlusion 
of 70 tc 80% in addition to obstructions 
elsewhere. The other 3 had single, double, and 
triple vessel disease, respectively. Three of these 
Group 1 patients also’ had areas of discrete ven- 
tricular akinesia in addition to diffuse hy- 
pokinesia. Eight of the 12 patients had mild to 
moderate mitral regurgitation, which was at- 
tributed to left ventricular dysfunction. None 
required mitral valve replacement. Aortic re- 
gurgitation, when Breer was never more than 
trivial. 


y : 


Results 


Four deaths have occurred, all among the pa- 
tients with coronary disease. Three of these 
appear to have been attributable to inadequate 
reversal of left ventricular dysfunction. One man 
could not be weaned from cardiopulmonary 
bypass despite the aid of the intraaortic balloon 
pump; he died in the ọperating room. Another 
man, who had left main coronary artery disease, 
was able to leave the operating room with the 
IABP in place but remained hemodynamically 
unstable with low cardiac output syndrome; he 


left ventricular end-diastolic volume index; LV = 


left ventricular. 


died after 23 days. The only woman in the group 
died 43 days postoperatively with Escherichia 
coli pneumonia, but she had never thrived nor 
had she been rid of radiographic evidence of 
pulmonary edema. The fourth patient did well 
initially, with disappearance of pulmonary con- 
gestion and gratifying progress in ambulation. 


This course, however, was interrupted by a dev- 


astating stroke which led to the patient’s death 
66 days postoperatively. 

The 8 surviving patients, including all 7 in 
Group 2, improved quickly and dramatically 
with respect to heart failure and denied limita- 
tion of activity 10 to 32 months postoperatively. 

Objective testing of exercise tolerance by 
treadmill, using the Bruce protocol, has been 
performed in 7 of these survivors. The average 
duration of exercise was 6.9 minutes (range, 4—9 
min). Functional aerobic capacity, an age- and 
sex-adjusted expression of exercise tolerance [5], 
ranged from 50 to 105% and averaged 83% of 
normal. ; 

Postoperative (2 to 12 months) right heart 
catheterization has been performed in 6 sur- 
vivors including the Group 1 patient (Table 3). 
Cardiac index had returned to normal in all 6, 
and mean filling pressures for the right and left 
ventricles were in or near the normal range. The 
most remarkable changes took place in left ven- 
tricular volumes and ejection fractions. Post- 
operatively, left ventricular size at end-diastole 
was only half the preoperative value, and ejec- 
tion fraction had increased from the preopera- 
tive average of 13% to a postoperative average of 
45%. 
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Table 3. Hemodynamic Values in 6 Survivors before and after Aortic Valve Replacement 





Mean (Range)? 








Value Preoperative Postoperative 

Cardiac index (L/min/m’) 1.9 (1,5~2.8) 3.3 (2.8-4.4) 

Right ventricular filling pressure 11 (4-30) 4 (1-7) 
(RVEDP) (mm Hg) 

Left ventricular filling pressure 29 (14-40) 10 (5-14) 
(LVEDP) (mm Hg) 

LVEDVI (ml/m’) 159 (102-257) 82 (46-132) 

Ejection fraction (%) 13 (=0-20) 45 (34-75) 


aDifferences between preoperative and postoperative values are significant at p < 0.001 by the paired t-test. 
RVEDP = right ventricular end-diastolic pressure; LVEDP = left ventricular end-diastolic pressure; LVEDVI = left ventricu- 


lar end-diastolic volume index. 


Comment 

Several studies [7, 10, 12, 15] of the risk determi- 
nants in cardiac operations have emphasized 
the association of left ventricular dysfunction 
with higher operative mortality and with con- 
tinued severe disability in survivors. These ob- 
servations have been particularly clear in coro- 
nary bypass procedures, in which advanced left 
ventricular dysfunction, indicated by such fac- 
tors as history of heart failure, elevated end- 
diastolic volume or pressure (or both), or de- 
pressed ejection fraction, has emerged as a 
major contraindication to surgical intervention 
in the absence of a correctable mechanical le- 
sion. For valve replacements, a similar relation- 
ship between ventricular dysfunction and sur- 
gical. outcome has been“ suggested. Thus 
Tsuchioka and associates [21], studying the in- 
fluence of left ventricular function on the post- 
operative course of 32 patients who had received 
prosthetic valves, found that preoperative de- 
pression of stroke work index in relation to 
end-diastolic pressure marked patients who 
were unlikely to survive operation. Two studies 
[4, 12] have identified radiographic cardiomeg- 
aly (cardiothoracic ratio > 0.50) as a predictor 
of high operative mortality. The ejection frac- 
tion, which offers several theoretical and empir- 
ical advantages [7] over the cardiac index and 
end-diastolic filling pressure, was found to be 
more sensitive than either or both of these in 
indicating an elevated likelihood of operative 
death or unsatisfactory results of valve operation 
as well as myocardial revascularization [7]. De- 


spite these observations, the role of left ventricu- 
lar function in the selection of patients for valve 
procedures has not been as clear as in coronary 
bypass operations. This is probably because of 
the heterogeneity of valve lesions, because the 
stenotic or regurgitant valve constitutes a cor- 
rectable impediment to ventricular function and 
because a few patients have experienced gratify- 
ing operative results despite advanced circula- 
tory deterioration in the form of pulmonary 
edema or shock [11, 16, 20]. Operations combin- 
ing aortic valve replacement with aortocoronary 
bypass grafts have been the subject of a number 
of reports [1-3, 6, 8, 17, 18], most of which show a 
higher operative mortality in patients who re- 
ceived the combined operation than in those 
who underwent either procedure individually. 
There has been the usual tendency for operative 
risk to fall in the more recent series. Although 
detailed data regarding left ventricular function 
are not available, at least two reports [6, 18] 
mention advanced heart failure as a prominent 
feature in patients who died during or shortly 
after combined operations. Virtually all pa- 
tients who survive the operation are said to ex- 
perience gratifying improvement in symptoms. 

The present series is of value in examining 
the role of surgical intervention in a specific 
group of patients with aortic stenosis accom- 
panied by advanced left ventricular failure. It is 
a consecutive series over a recent 2-year period 
and includes coronary arteriography, preopera- 
tive and postoperative quantitative left ven- 
triculography, and confirmation of postopera- 
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tive functional status by objective techniques, 
Of the 12 patients operated on, all 8 long-term 
survivors show remarkable improvement in 
ventricular performance. Each of the 4 deaths 
occurred in patients with significant coronary 
disease and 3 of these were attributed to persist- 
ing ventricular dysfunction. It seems that rever- 
sibility of left ventricular dysfunction associated 
with aortic stenosis may be dependent upon the 
cause. When aortic stenosis alone is responsi- 
ble, left ventricular dysfunction, no matter how 
severe, will improve following successful relief 
of aortic obstruction. On the other hand, left 
ventricular dysfunction that results from major 
coronary artery disease is unlikely to be reversed 
following aortic valve replacement and may in 
fact worsen as a result of complications incurred 
during operation. In such patients a high opera- 
tive mortality should be expected, with im- 
provement in survivors unpredictable. 

In summary, patients with isolated aortic 
stenosis can be expected to experience marked 
reversal of left ventricular dysfunction and con- 
comitant improvement in functional capacity 
even when preoperative heart failure is se- 
vere. Obstructive coronary disease raises the 
operative risk by introducing an element of ir- 
reversibility with respect to ventricular func- 
tion. Management of the latter patients would 
be aided greatly if there were an accurate means 
of assessing the reversible component of ven- 
tricular dysfunction due to outflow tract obstruc- 
tion versus the irreversible ventricular damage 
resulting from coexistent coronary artery dis- 
ease. At present we know of no clear way of 
making this distinction. 
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Discussion 

DR. WILLARD M. DAGGETT: (Boston, MA): We share the 
authors’ enthusiasm for replacing the stenotic aortic 
valve in the presence of severe biventricular failure 
even under emergency conditions. I think their results 
emphasize how serious the combination of valve dis- 
ease, coronary artery disease, and a bad.left ventricle 
can be. More specifically, the afterloaded heart, as 
represented by aortic stenosis, is totally unlike the 
preloaded heart (as indicated by coronarv artery dis- 
ease, aortic insufficiency, or mitral regurgitation) in 
terms of the potential for surgical reversibility of ven- 
tricular dysfunction. Certainly no patient with pure 
aortic stenosis should be rejected for operation purely 
on the basis of a low ejection fraction. 

In the present study intraaortic balloon pumping 
was used preoperatively in 1 patient, and I wonder 
whether more patients might have benefited by this 
maneuver, which Bolooki and his co-workers have 
recently advocated. I have three brief questions. First, 
do you think, Dr. Croke, that coronary perfusion in 
the fibrillating heart, as a form of intraoperative 
myocardial protection, played any role in’ the poorer 
_ results observed in those patients with coronary ar- 
tery disease? Second, Patients 1, 4, and 5 had three- 
vessel coronary artery disease and only one or two 
grafts. Could incomplete revascularization possibly 
have contributed to poorer results in these patients? 
Finally, was there any correlation between valve size 
of the inserted prosthesis and the clinical results? 


DR. CROKE: I would like to thank Dr. Daggett for his 
kind words. I am a cardiologist and am not entirely 
familiar with the “ins and outs” of operative 
technique. 

We at Hines like the balloon pump very much and 
have used it a great deal for our surgical patients in 
general. In this series there was 1 patient in whom the 


balloon pump could not be inserted because of 
peripheral vascular disease. Both femoral arteries 
were approached in the patient with coronary disease 
who died after a stroke. There were 2 other patients, 


` both with coronary disease, who could not have the 


balloon pump inserted because of peripheral vascular 
disease. While I think that establishment of circula- 
tory support, especially during the induction of anes- 
thesia when the hemodynamics are so unstable, offers 
theoretical advantages, patients with coronary dis- 
ease unfortunately are also inclined to have peripheral 
vascular disease. Perhaps another method of inserting 
the balloon pump or of establishing femorofemoral 
bypass under local anesthesia before induction of 
general anesthesia would be more appropriate. 

The incomplete revascularizatior, question is, of 
course, a good one. There is a time limit on how much 
can be accomplished when one is taking on an aortic 
valve replacement and a series of bypasses, and I 
believe the choice of the operating surgeon was to 
bypass the vessels most likely to benefit the ventricu- 
lar function. There was at least 1 patient whose in- 
ferior wall was known to be infarcted, and there was 
no point in bypassing that right coronary vessel. 

Our study includes only 12 patients. Valve sizes 
were in the middle range of the Bjérk-Shiley group, 
from 22.to 26 mm, and I could not discern any differ- 
ence in survival with respect to prosthetic valve size. 


DR. ROQUE PIFARRE: Ventricular fibrillation will 
occur when the heart is arrested with cold saline. We 
believe perfusing the coronary arteries will protect the 
myocardium, as evidenced by the fact that in many of 
these patients, when we are warming up the ventricle, 
the myocardium will start contracting on its own, 
needing no defibrillation. 

Many of these patients are being operated on by 
residents, who are, in many cases, necessarily a little 
slower than the attending physicians. Therefore, I 
think any protection that can be afforded to the heart, 
especially at the beginning until perfusion can be 
instituted, is indicated. 

We believe in total revascularization. More by- 
passes were not performed because we thought that 
it. was not possible to do them. 


Retrograde Aortic Dissection 


During Cardiopulmonary Bypass: 
“Nonoperative” Management 
Joseph S. Carey, M.D., James R. Skow, M.D., 


and Calvin Scott, B.S. 


ABSTRACT Seven patients are reported in whom 
retrograde aortic dissection occurred, 2 during valve 
replacement and 5 during coronary artery bypass, 
among, 770 patients perfused through the common 
femoral artery. Successful management included: (1) 
immediate cessation of cardiopulmonary bypass; (2) 
removal of the arterial cannula and its replacement in 
the ascending aorta, usually through both lumens of 
the dissectian; (3) completion of the operation by 
suturing the proximal ends of saphenous vein grafts 
to both lumens of the dissection in the ascending 
aorta; and w no treatment of the dissection itself. 

One patient died of other causes 30 days postopera- 
tively. Follow-up from 2 to 342 years in 6 long-term 
survivors has revealed no complications related to the 
dissection. Saphenous vein graft function is appar- 
ently satisfactory. 


Retrograde aortic dissection ,originating from 
the site of a femoral artery perfusion catheter is a 
disastrous complication of extracorporeal circu- 
lation. During the initial few years of extracor- 
poreal circulation, this complication was re- 
ported to occur in adults with a frequency as 
high as 3% [5]. Recently, successful manage- 
ment of this problem in several patients has . 
been described. Benedict and associates [11] re- 
ported that discontinuation of the operation was 
_ possible in several patients by immediately 
stopping cardiopulmonary bypass and reinfus- 
ing blood through an atrial catheter. Lefrak and 
Howell [8] were also able to discontinue bypass 
in 1 patient. Bilgutay and colleagues [2] com- 
pleted an operation after retrograde dissection 
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had occurred by transferring the perfusion 
catheter to the opposite femoral artery. 

The purpose of this paper is to report 7 pa- 
tients who have been successfully managed by 
immediate removal of the perfusion catheter ` 
from the femoral artery and placement in the 
ascending aorta, followed by completion of the — 
operation in all instances. Follow-up to 31⁄2 years 
has revealed no important sequelae as a result of 
the retrograde dissection, which has apparently 
healed in all instances. 


Clinical Material 

During an eight-year period (1967—1975) 770 pa- 
tients were perfused through the common 
femoral artery. In all instances, Silastic femoral 
artery perfusion catheters (No. 18 through No. 
24) were used. Extracorporeal circulation was 
performed with a roller pump~—bubble oxygen- _ 
ator perfusion system at normothermia. The 
femoral artery was opened through a trans- 
verse incision, and the catheter was fixed in 
place with a single suture of umbilical cord tape. 
Line pressures were not determined; systemic 
pressure was measured through the left radial 
artery. Retrograde aortic dissection occurred in:7 
patients (0.9%) (Table). . 


Patient 1 ; 
A 72-year-old white man was explored through a 
left thoracotomy with the intention of perform- 
ing a closed mitral commissurotomy. During 
dissection of the atrial appendage, which was 
found to be thrombosed, a tear was produced 
that required finger pressure to maintain 
hemostasis. Cardiopulmonary bypass was then 
rapidly instituted. The femoral cannula was in- 
serted with some difficulty. Immediately after 


. bypass was. started, a bluish discoloration ap- 


peared in the ascending 'aortà, and the arterial 
perfusion pressure dropped to unobtainable 
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Summary of Clinical Data for 7 Patients Undergoing Retrograde Aortic Dissection 





Patient No., 

Age (yr), f Onset of 

& Sex Procedure Dissection 

1. 72,M Mitral valve Immediate 
replacement 

2. 54, F Coronary Immediate 
artery bypass 

3. 70, F Mitral and tri- Delayed 
cuspid valve 
replacement 

4. 45, M Coronary Immediate 
artery bypass 

5. 49,M Coronary Immediate 
artery bypass 

6. 38, M Coronary Delayed 
artery bypass 

7,54, M Coronary Immediate 
artery bypass 


Treatment Clinical Result 

Died 30 days 
postop, respi- 
ratory failure 


Ascending aortic 
cannulation; valve 
replacement 


Ascending aortic Temporary right 
cannulation; double hemiparesis; 
vein graft asymptomatic, 

312 yr 

Ascending aortic Temporary right 

cannulation; double hemiparesis; 


valve replacement 
Ascending aortic 


improved, 3 yr 
Both grafts open 


cannulation; double on postop 
vein Y-graft angiogram; 
asymptomatic, 
2% yr 
Ascending aortic Asymptomatic, 
cannulation; triple 2 yr 
vein graft (single 
and double Y-graft) 
Ascending aortic Asymptomatic, 
cannulation; double 2 yr 
vein Y-graft 
Ascending aortic Asymptomatic, 
cannulation; single 2yr 


vein graft and 
endarterectomy 





levels. Cardiopulmonary bypass was discon- 
tinued, and the femoral artery catheter was re- 
moved and immediately inserted into the lesser 
curvature of the ascending aorta where the aortic 
wall was not dissected; cardiopulmonary bypass 
was reinstituted. Mitral valve replacement was 
then performed in the usual manner. The patient 
awoke postoperatively and showed no noticeable 
neurological deficit except for mild confusion 
consistent with the magnitude of the operative 


procedure. However, he subsequently de-' 


veloped respiratory insufficiency and died on 
the thirtieth postoperative day. On postmortem 
examination there was no evidence of a 
double-barrel lumen in the wall of the aorta; the 
dissection had apparently healed in the four- 
week period since operation. 


Patient 2 

A 54-year-old white woman underwent opera- 
tion for coronary artery disease. Cardiopulmo- 
nary bypass was instituted in the usual fashion 
and a No. 20 Silastic cannula was inserted into 


the right common femoral artery with some dif- 


'ficulty. After institution of bypass, retrograde 


aortic dissection was recognized by a drop in 
perfusion pressure and visualization of a bluish 


enlargement of the ascending aorta. Cardiopul- 


monary bypass was immediately discontinued, 
and an aortic perfusion cannula was inserted 
through both lumens of the ‘dissection; car- 
diopulmonary bypass was resumed after ap- 
proximately 45 seconds of ischemia. A double 
aortocoronary saphenous vein bypass graft was 
then performed to the anterior descending and 
right coronary arteries. Satisfactory aortic anas- 
tomoses were obtained by suturing the proximal 
grafts to both lumens of the aortic dissection. 
Postoperatively the patient demonstrated tran- 
sient right hemiparesis but eventually recovered 
completely. Four years after hospital discharge 
she remains asymptomatic. 


Patient 3 
A 70-year-old white woman underwent mitral 
and tricuspid valve replacement. One hour after 
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bypass had been instituted, retrograde aortic 
dissection occurred, as evidenced by a sudden 
drop in perfusion pressure and the appearance 
of a bluish discoloration in the ascending aorta. 
Cardiopulmonary bypass was discontinued, 
and the femoral artery perfusion cannula was 
introduced into the ascending aorta through 
both lumens of the dissection. Satisfactory 
bypass was then begun after 90 seconds of is- 
chemia, and the operation was completed. Post- 
operatively the patient developed adult respira- 
tory distress syndrome and required respiratory 
support for one week. In addition, she de- 
veloped a mild right hemiparesis. Three and 
one-half years following her operation the pa- 
tient remained in satisfactory condition. 


Patient 4 

A 45-year-old white man was explored for coro- 
nary artery disease. Retrograde aortic dissection 
was recognized by pressure drop and the ap- 
pearance of bluish enlargement in the ascending 
aorta immediately after bypass was begun. The 
perfusion cannula was immediately removed 
from the femoral artery and reintroduced into 
the ascending aorta. Saphenous vein bypass 
grafts were then performed to the circumflex 
marginal and right coronary arteries. One prox- 
imal aortic anastomosis was performed to both 
lumens of the dissection, with a Y-graft utilized 
from the marginal graft to the distal right coro- 
nary artery. The patient’s postoperative course 
was unremarkable. He underwent catheteriza- 
tion four months postoperatively, at which time 
both vein grafts and the aortic anastomosis were 
widely patent. Three years after operation he 
remained asymptomatic. 


Patient 5 


A 49-year-old white man was explored for coro- 
nary artery disease. Shortly after institution of 
bypass, retrograde aortic dissection occurred, as 
evidenced by a drop in the aortic perfusion pres- 
sure and the sudden appearance of an enlarge- 
ment and bluish discoloration of the ascending 
aorta. Cardiopulmonary bypass was im- 
mediately discontinued, and an aortic perfusion 
line was introduced through both lumens of the 
dissection. Satisfactory cardiopulmonary by- 
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pass was then reinstituted, and a triple aor- 
tocoronary bypass was accomplished. The an- 
terior descending and right coronary artery 
grafts were anastomosed to both lumens of the 
aortic dissection, and the circumflex graft was 
performed as a Y-graft from the anterior de- 
scending graft. 

The patient’s postoperative course was un- 
eventful. However, coronary angiograms five 
months postoperatively showed the anterior de- 
scending and right coronary artery grafts to be 
open and the circumflex graft occluded. A 
double-barrel lumen in the ascending aorta was 
evident on the angiogram. The patient under- 
went carotid angiography approximately one - 
year later, at which time the double-lumen as- 
cending aorta was again noted without evidence 
of progression of the lesion. A three-year fol- 
low-up revealed no recurrence of symptoms. 


Patient 6 

A 38-year-old white man underwent exploration 
for coronary artery bypass. Retrograde aortic 
dissection occurred shortly after the first distal 
graft to the circumflex marginal coronary artery 
was performed. Again it was necessary to place 
the ascending aortic cannula through both lu- 
mens of the dissection. The operation was com- 
pleted by performing saphenous vein grafts to 
the anterior descending and circumflex marginal 
coronary arteries, suturing the anterior descend- 
ing as a Y-graft from the circumflex, and sutur- 
ing the proximal circumflex graft to both lumens 
of the aorta. Upon removal of the ascending aor- 
tic cannula it was found that the aortic wall was 
lacerated toward the posterior wall and that re- 
pair of the aortic perfusion site without cross- 
clamping the aorta was not possible. Therefore, 
cardiopulmonary bypass was instituted through 
the left subclavian artery and the ascending 
aorta was repaired by direct suture. The pa- 
tient’s postoperative course was unremarkable. 
Two and one-half year follow-up revealed no 
further complications in this patient. 


Patient 7. 

A 54-year-old white man was explored for coro- 
nary artery disease. Shortly after institution of 
bypass, retrograde aortic dissection from the left 
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femoral artery cannula site was recognized by a 
drop in systemic arterial pressure and the ap- 
pearance of the typical bluish discoloration in 
the ascending aorta. The femoral artery perfu- 
sion cannula was immediately inserted through 
both lumens of the dissection in the ascending 
aorta, and cardiopulmonary bypass was re- 
sumed uneventfully. A single vein graft to the 
right coronary artery associated with an endar- 
terectomy was then performed by suturing the 
proximal anastomosis to both lumens of the as- 
cencing aorta. Upon termination of cardiopul- 
monary bypass, it was necessary to cross-clamp 
the aorta in order to repair the somewhat se- 
verely torn cannula site. In this instance, perfu- 
sior. was accomplished satisfactorily through 
the right femoral artery. This patient’s post- 
operative course was uneventful, and a 2 and 
one-half year follow-up revealed no recurrence 


of symptoms. 


Comment 
Two fatal cases of retrograde aortic dissection 
among 30 adults undergoing cardiopulmonary 
bypass were reported by Jones and his as- 
sociates in 1960 [5]. In 1965, Elliot and Roe [4], at 
the annual meeting of the American Association 
for Thoracic Surgery, reported 2 additional pa- 
tients, both of whom died from this complica- 
tion. A questionnaire originating from these au- 
thors was sent to 26 surgeons, who reported a 
total of 54 retrograde aortic dissections among 
“several thousand” patients on whom they op- 
erated. Discussing this paper, Kerth [7] reported 
that of 2 patients with retrograde dissection, 1 
survived when the femoral artery catheter was 
immediately removed and placed into the as- 
cending aorta. Kay and co-workers [6] reported 4 
short-term survivors. of retrograde aortic dissec- 
tion among 12 patients in whom this complica- 
tion occurred. Their method of management in- 
cluded resection of the ascending aorta and graft 
replacement. In Benedict’s series [1] the opera- 
tions were successfully terminated by infusion 
of pump blood through an atrial catheter. In 1 
patient, reoperation was successfully performed 
at a later date. 

From the present series it is clear that the most 
important element in the management of ret- 


rograde aortic dissection is early recognition, 
prior to the occurrence of aortic rupture. A sud- 
den drop in systemic perfusion pressure was the 
first sign, followed by the observation of a sud- 
den bluish enlargement of the ascending aorta. 
The surgeon must immediately and forcefully 
give the order to “stop the pump.” This is a 
lifesaving requirement. Recannulation is not re- 
ally difficult, although care must be taken to 
cannulate the inner lumen and to visualize both 
lumens of the dissection clearly when inserting 
the ascending aortic line. Our experience 
suggests that cardiopulmonary bypass can be 
satisfactorily reinstituted by this method. There- 
fore we recommend completing the operation, 
rather than reoperating at a later date as recom- 
mended by Benedict and his associates [1]. 

Remarkably, few complications occurred as a 
result of the dissection in our 7 patients. Two 
sustained mild temporary neurological compli- 
cations, perhaps incidental to dissection of 
branches of the aortic arch. Two patients re- 
quired reinstitution of cardiopulmonary bypass 
by either the femoral or the subclavian artery in 
order to repair the site of insertion of the aortic 
cannula. This may have resulted from tearing of 
sutures used to fix the cannula in place. 

Late complications have also been uncom- 
mon, suggesting that surgical treatment of the 
retrograde aortic dissection is unnecessary. 
None of the 6 long-term survivors of this compli- 
cation has developed progression of the lesion 
during 2 to 342 years of follow-up. The patient 
with a persistent double-lumen aorta (Patient 5) 
has had no problems related to this lesion. 

The method used to complete coronary bypass 
operations in these patients also appears to be 
satisfactory. Of those patients who have been 
restudied, the proximal anastomoses are widely 
patent, indicating that the use of direct suture to 
the double-barrel lumen of the ascending aorta 
does not appear to limit the effectiveness of the 
bypass graft. Each patient who underwent coro- 
nary bypass in this series remained asympto- 
matic postoperatively. Therefore, we recommend 
completion of operation by suturing the bypass 
grafts to the double-lumen ascending aorta, 
rather than using the subclavian artery for the 
proximal anastomoses. 

The cause of the dissection is most likely re- 
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lated to the use of a snug-fitting catheter, be- 
cause 5 of the 7 patients developed the dissection 
immediately, suggesting intimal damage by the 
catheter itself. In the 2 other patients, a more 
gradual onset suggests the lifting of an ath- 
erosclerotic plaque. It is interesting to note, 
however, that in our 6 survivors local occlusion 
or stenosis of the femoral artery has not occurred 
and that pulses remain normal in each patient. 
The lifting of an atherosclerotic plaque would be 
expected to cause femoral occlusion or stenosis; 
furthermore, atherosclerosis was not observed 
in most of these patients. Therefore a loosely 
fitting catheter would seem preferable so as to 
avoid this complication when perfusing through 
a peripheral artery. 

Although no deaths were directly attributable 
to the use of a peripheral cannulation site in this 
group of patients, ascending aortic cannulation, 
as originally described by Nunez and Bailey [10] 
and DeWall and Levy [3], may be preferable to 
peripheral cannulation. The true complication 
rate of ascending aortic cannulation, however, is 
unknown. Our initial impression was that neu- 
rological complications, related to placement of 
the cannula near the innominate artery, could 
occur, Indeed, in most series of patients unex- 
plained neurological complications do occur. 
Whether these are, in fact, related to the ascend- 
ing aortic perfusion cannula is difficult to de- 
termine. Decreased carotid artery flow may be 
caused by a coanda effect of the lesser curvature 
of the aorta, forcing the jet stream inferiorly from 


an aortic arch catheter [9]. The simplicity of the 
technique, however, makes its use attractive, 
and we now prefer it. 
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Cuff Diameter: A Quantitative 
Roentgenographic Study of Its Value in the 
Early Prediction of Serious Tracheal Damage 


Faroque Khan, M.B., and Narayan C. Reddy, M.D. 


ABSTRACT A prospective study to radio- 
graphically document impending tracheal damage in 
patients on continuous mechanical ventilation was 
done in 135 intubated adult patients over an eighteen 
month period. The previously unrecognized enlarg- 
ing cuff/trachea ratio over 150% was seen in 18 pa- 
tients. Five of 9 patients who died with C/T ratio over 
150% were autopsied; all had severe tracheal damage 
at the cuff site. Four of 5 patients who were 
decannulated/extubated developed tracheal stenosis 
at the cuff site, necessitating tracheal resection in 3 
patients. Thus a C/T ratio over 150% is a reliable 
clinical indicator of tracheal damage. Some thoughts 
as to prevention of this iatrogenic disease are pre- 
sented. 


The past decade has seen a marked increase in 
the number of patients with acute respiratory 
failure (ARF) treated, often for prolonged 
periods, by continuous mechanical ventilation 
through cuffed intratracheal tubes, either with 
tracheostomies or with oral or nasal endo- 
tracheal tubes [9, 10]. This therapy has led to the 
appearance of serious and often fatal iatrogenic 
diseases, tracheal stenosis, tracheoesophageal 
fistula, and tracheomalacia. Tracheal damage 
has been shown to result from the high trans- 
tracheal pressures caused by the tight fit of the 
so-called low-compliance round cuffs used pre- 
viously on tracheostomies and endotracheal 
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tubes [3, 4]. Design of new high-compliance 
cuffs has decreased the reported incidence of 
tracheal damage. Experience in our unit and 
elsewhere has demonstrated, however, that 
these problems are continuing to occur even 
with the use of high-compliance tubes, meticu- 
lous care of cuffs, and intracuff pressure monitor- 
ing. 

Early diagnosis of tracheal injury is impor- 
tant, and unless it is suggested early, a patient 
may not be seen for several months until severe 
and dangerous high airway obstruction or re- 
current pneumonias have occurred. At present, 
the early diagnosis of tracheal damage in such 
patients can best be assessed by endoscopic vis- 
ualization [2]. This method can only be used in 
patients who can be taken off the respirator for a 
period of time and have their intratracheal tubes 
removed, which gravely limits its value in a 
large number of patients who are on continuous 
mechanical ventilation. Experience in our unit 
with a patient with tracheoesophageal fistula 
who had markedly enlarging cuff diameter on 
roentgenogram and required an increasing vol- 
ume of air for cuff distention (Fig 1) led us to 
consider the possibility of utilizing radiologi- 
cally measured cuff diameter as a simple tech- 
nique for early diagnosis of tracheal damage. 
Believing that a simple method to identify pa- 
tients at high risk of developing tracheal damage 
would be of great clinical importance, we de- 
vised the following prospective study, which 
was conducted in the Respiratory Intensive Care 
Unit at Queens Hospital Center from July, 1974, 
to December, 1975. 

The study included 135 consecutive adult pa- 
tients with acute respiratory failure of various 
origins who had cuffed intratracheal tubes in 
place for more than 2 days. These 135 patients 
represent 40% of the total admissions to the 
Respiratory Intensive Care Unit. We used intra- 
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Fig 1. Serial roentgenograms in an 18-year-old girl 
with ARF following automobile accident and with 
development of flail chest. The arrows point to the 
progressively increasing cuff diameter and CIT ratio 
in A,B, Cand D. The two arrows(D) show the 
endotracheal tube passed through the tracheostomy 
stoma to obviate a large leak from tracheoesophageal 
fistula at the cuff site. The patient subsequently died. 
Postmortem examination showed large 
tracheoesophageal fistula at the level of the cuff. 


tracheal ‘tubes and tracheostomies with high- 
compliance cuffs during this period. The re- 
maining 60% of patients were either intubated 
for less than 2 days or required no intubation. 
Tracheal lumen diameter at the level of the clavi- 
cle was measured on the portable bedside chest 
roentgenogram in all 135 patients. Daily mea- 
surements of transverse diameter of the inflated 
cuff around the endotracheal tube or tra- 
cheostomy were also made. The ratio of the 
inflated cuff diameter to the tracheal lumen 
diameter was calculated for each measurement. 
This we refer to as the cuff/trachea (C/T) ratio. 

Of the 115 patients with C/T ratio less than 
150%, 85 survivors developed no clinical evi- 


dence of tracheal stenosis or tracheoesophageal 
fistula. The mean duration of intubation was 
8.25 days, with a range of 2 to 40 days. Fourteen 
of these 115 patients had tracheostomies. Post- 
mortem examination was performed in 22 of the 
30 patients who died. The changes seen in the 
trachea were rated on a scale from 0 to 4, as 
follows: Stage 0, essentially normal appearance; 
Stage 1, inflammation of mucosa with superfi- 
cial ulceration; Stage 2, ulceration of mucosa 
down to cartilage with one or more rings ex- 
posed; Stage 3, widely exposed and fragmented 
cartilage; and Stage 4, deep ulcers, exposed and 
fragmented cartilage, with areas of exposed car- 
tilage. Two had Stage 1 changes and 2 had Stage 
4 changes. The remaining 18 patients examined 
postmortem had essentially normal tracheal ap- 
pearance. 

In the 18 patients with C/T greater than 150%, 
the mean duration of intubation was 24 days 
with a range from 15 days to three months. 
Twelve of these patients had chronic obstructive 
pulmonary disease with ARF, 2 had neu- 
roparalytic disease with ARF, 4 had acute 
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Fig 2. Serial roentgenograms in a 33-year-old 
woman who developed ARF following laparotomy. 
(A) Admission roentgenogram showing normal 
trachea. (B,C) Arrows point to the enlarging cuff 
diameter and CIT ratio on the sixteenth and 
twenty-third days of ventilatory support. (D) 
Tracheal laminagram done three months after 
decannulation. The arrow points to the area of 
tracheal stenosis at the cuff site. 


respiratory distress syndrome following an ab- 
dominal procedure, 1 had flail chest with ARF, 6 
had evidence of significant pulmonary infec- 
tion, and 1 had hypotension of 12 hours’ dura- 
tion. Only 1 patient received steroid therapy. 
Eleven of these 18 patients had tracheostomies. 
All 18 patients were on continuous mechanical 
ventilation during the period of study. 

Nine of the 18 patients died, and postmortem 
examination was performed in 5. All 5 of these 
patients showed Stage 3 or 4 tracheal changes. 
Of the 9 surviving patients, 2 are on continuous 
mechanical ventilation in a chronic care facility. 
Three patients returned with symptomatic 
tracheal stenosis two weeks, four months, and 
one year, respectively, after removal of their in- 


tratracheal tubes; representative roentgeno- 
grams of 2 of these patients are shown in Figures 
2 and 3. These 3 patients had C/T ratios of 156, 
210, and 210%, respectively, during the course 
of their ARF. All 3 required tracheal resection 
and reanastomosis. Of the remaining 4 patients, 
2 are lost to follow-up, 1 has had no clinical 
evidence of upper airway obstruction, and 1 has 
developed tracheal stenosis. In view of his se- 
vere chronic obstructive pulmonary disease 
with hypercapnia, no surgical therapy has been 
undertaken as yet. 

Following completion of the prospective 
study, ina retrospective analysis of our previous 
4 cases of tracheoesophageal fistula and 3 of 
tracheal stenosis seen over a three-year period, 
we found that all 7 patients had a C/T ratio above 
150%, with a mean ratio of 225%. 


Comment 


The presence on chest roentgenograms of an 
enlarging intratracheal tube cuff during the 
course of ARF management has been described 
previously [1, 5-7]. However, its significance 
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Fig 3. Serial roentgenograms of a 39-year-old man who 
developed ARF following laparotomy after a stab 
wound. (A) Arrows point to the cuff diameter at the 
start of ventilatory support. (B, C) Progressively 
increasing cuff diameter and CIT ratio on the 

sixteenth and twenty-third day of ventilatory 

support. (D) Tracheal laminagram done one year 

after decannulation. The arrow points to the area of 
tracheal stenosis at the cuff site. 


and sequelae have not been clearly defined up to 
now. 

Several investigators have confirmed that 
there is evidence of progressive tracheal damage 
with increasing intracuff pressures above 25 mm 
Hg [2, 8]. Initially the mucosa beneath the cuff 
becomes inflamed. After 3 to 5 days ulcers de- 
velop over the cartilaginous rings, initially over 
the anterior wall of the trachea and subsequently 
involving much of the area between the cuff and 
rigid rings. With time the ulcers deepen, leading 
to exposure of cartilage and the possibility of 
infection. The cartilaginous rings soften, frag- 
ment, and eventually disappear. These changes 
are accompanied by expansion of the trachea at 
the cuff site [8]. 


Our finding of severe cartilaginous destruc- 
tion in all 5 patients studied postmortem who 
had C/T ratios greater than 150% tends to sup- 
port this hypothesis. The presence of cartilagi- 
nous destruction in 2 of 22 patients with a C/T 
ratio less than 150% is best explained by the 
facts that both these patients had evidence of 
gram-negative sepsis and bacteremia with pro- 
longed hypotension (both sepsis and hypoten- 
sion are known to aggravate tracheal injury), 
and (2) the C/T ratio failed to increase due to the 
brief duration of illness (4 and 7 days, respec- 
tively). 

In the patients with C/T ratios greater than 
150%, the earliest sign of an enlarging cuff size 
appeared on the tenth day of intubation and the 
latest one on the thirty-second day, with a mean 
appearance time on the thirteenth day. Thus, we 
believe the pathogenesis of the greater C/T ratio 
is related to progressive destruction of the 
tracheal wall. If this process continues, espe- 
cially in a patient with neuroparalytic respira- 
tory failure, the development of a tra- 
cheoesophageal fistula is very likely. Those 
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patients with C/T ratio greater than 150% who 
survive the ARF episode and are extubated or 
decannulated have a high incidence of sub- 
sequent tracheal stenosis at the cuff site. 

We believe that in the management of patients 
with ARF who have intratracheal tubes, special 
attention should be paid to the C/T ratio. If it is 
over 150% (which is likely to be manifested ini- 
tially in the second week of intubation and ven- 
tilatory support), special efforts should be made 
to monitor the cuff pressure and keep it below 25 
mm H,O for the remainder of their period of 
intratracheal intubation, to minimize further is- 
chemic damage of the trachea. This cuff pressure 
can be measured easily at the bedside using the 
wall mercury manometer available at the bed- 
side of each patient in an intensive care unit. 
The tip fits the inflating tubing without addi- 
tional connectors. Weaning with deflation of the 
cuff and subsequent extubation or decannula- 
tion should be expedited as much as possible. 
Following discharge, patients with a C/T ratio 
greater than 150% are at very high risk of de- 
veloping tracheal stenosis or tracheomalacia and 
should be investigated for that, with tracheal 
laminagrams, cine tracheography with and 
without contrast material, and flow/volume 
loops. 

It must be stressed that prevention of disease 
is still more important than its early diagnosis 
and proper management, especially when the 
disease is iatrogenic. Proper procedures for pre- 
vention of tracheal damage by cuffs include: 


1. Selection of the proper high-compliance cuff. 

2. Careful intracuff pressure monitoring from 
the first day. 

3. Careful recording of the need for air inflation 
to achieve seal, noting any increasing vol- 
umes required. 

4. Daily calculation of the C/T ratio. 


In summary, after analyzing our data and 
finding marked tracheal damage only in those 
patients who had a C/T ratio above 150%, we 
have chosen that value as the critical ratio. None 
of the patients with a C/T ratio less than 150% 
developed clinically significant tracheal dam- 
age. A CIT ratio higher than 150% requires (1) 
decreasing the cuff pressure, (2) changing the 
cuff if necessary, (3) decreasing the cuff volume, 
(4) early extubation or decannulation, and (5) 
postextubation follow-up. 
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The Role of Transbronchial 


Lung Biopsy in Diffuse Pulmonary Disease 


Claude W. Smith, M.D., Gordon F. Murray, M.D., Benson R. Wilcox, M.D., 
Peter J. K. Starek, M.D., and David J. Delany, M.D. 


ABSTRACT Forty consecutive patients underwent 
flexible fiberoptic transbronchial lung biopsy for 
diagnosis of diffuse nodular or infiltrative lung dis- 
ease. Biplane fluoroscopic examination with image 
intensification greatly facilitated accurate placement 
of the biopsy forceps near the pleura. Specimens of 
lung parenchyma were obtained for culture and his- 
tological study in every case. A pathological diag- 
nosis was correctly established in 34 of 40 patients. 
Transbronchial biopsy was helpful in the clinical 
management of an additional 4 patients. Biopsy re- 
sults were not accurate in 2 patients. No significant 
morbidity was associated with the procedure. 
Fiberoptic transbronchial lung biopsy is a safe and 
useful adjunct to the diagnosis of parenchymal lung 
disease. 


The diagnosis of diffuse lung disease is a com- 
mon and perplexing problem as evidenced by 
reports of large series of patients undergoing 
lung biopsy [3, 11, 20]. Diagnosis is greatly 
facilitated by obtaining pulmonary parenchyma 
for histological examination. A number of dif- 
ferent methods are available for acquiring lung 
tissue [8, 19], including percutaneous cutting 
needle biopsy and needle aspiration, thora- 
cotomy for open biopsy, and transbronchial 
lung biopsy using small forceps. Percutane- 
ous methods have excessive morbidity (cutting 
biopsy) or provide material for only cytological 
or microbiological examination. Open lung 
biopsy, although the standard for definitive 
diagnostic yield, involves formidable patient 
morbidity related to general anesthesia, chest 
tubes, and postoperative pain. Recently trans- 


From the Division of Cardiothoracic Surgery, University of 
North Carolina School of Medicine, Chapel Hill, NC. 


Presented at the Thirteenth Annual Meeting of The Society 
of Thoracic Surgeons, Jan 24-26, 1977, San Francisco, CA. 


Address reprint requests to Dr. Murray, Division of Car- 
diothoracic Surgery, University of North Carolina School of 
Medicine, Clinical Sciences Bldg 229H, Chapel Hill, 
NC 27514. 


bronchial forceps lung biopsy has been em- 
phasized as an alternative method for biopsy [3]. 
Moreover, several authors have documented the 
feasibility of obtaining pulmonary parenchyma 
for pathological examination through the flexi- 
ble fiberoptic bronchoscope [18, 23]. The pres- 
ent study was performed to examine the safety 
and diagnostic accuracy of fiberoptic transbron- 
choscopic biopsy in the evaluation of diffuse 
lung disease. 


Materials and Methods 


Transbronchial lung biopsies were performed 
from January, 1975, to August, 1976, in 40 con- 
secutive patients with diffuse nodular or infil- 
trative (lobar or panlobar) lung disease. All other 
efforts, short of histological examination of the 
lung, had failed to establish an accurate diag- 
nosis in these individuals. Patient age ranged 
from 91⁄2 to 75 years. Clinical conditions ranged 
from the entirely asymptomatic patient to the 
hypoxemic, who required ventilation with Fio, 
1.0 and 15 cm H,O positive end-expiratory pres- 
sure. All patients with resting hypoxemia were 
administered supplemental oxygen by means of 
a tight-fitting mask with a hole cut for the 
fiberoptic bronchoscope. Coagulation data were 
measured in each patient prior to the procedure. 
Several patients had hematological disease and 1 
patient had an abnormal bleeding time; platelets 
were administered in this patient immediately 
prior to biopsy and again following the proce- 
dure. Blood was typed and consideration was 
given to cross-match in high-risk individuals 
receiving immunosuppressive and cytotoxic 
therapy. 

All procedures were performed using an 
Olympus Model BF-B2* fiberoptic broncho- 
scope and 3 mm biopsy forceps (Olympus Model 
FB-IC). Premedication with atropine was given 
intramuscularly 30 minutes prior to biopsy. 


“Olympus Corporation of America, Medical Instrument Di- 
vision, 2 Nevada Dr, New Hyde Park, NY 11040. 
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Anesthesia was attained by using a 4% 
xylocaine mist followed by direct application of 
1% xylocaine to the hypopharynx and the vocal 
cords. One side of the nose was anesthetized 
with 4% cocaine. Intravenous diazepam 
supplementation provided necessary sedation. 
With the patient supine, the bronchoscope was 
passed transnasally, and a thorough examina- 
tion of the upper airway and tracheobronchial 
tree was performed. Then, with the aid of bi- 
plane fluoroscopy and image intensification, the 
biopsy forceps was directed into the area of the 
lung with radiologically evident parenchymal 
disease (Figure). When all lobes were equally 
involved, biopsy of the right lower lobe was 
preferred because of the technical ease in obtain- 
ing tissue from that location. If roentgenograms 
suggested varying stages of the disease in dif- 
ferent areas of the lungs, tissue was obtained 
from each area when possible. Although satis- 
factory results have been reported without 
fluoroscopy [23], we prefer its use for precise 
placement of the forceps in the periphery of the 
lung, where the possibility of injury to a major 
artery is less likely. The chance of inadvertent 
pleural biopsy with resultant pneumothorax is 
also minimized by fluoroscopic control. With 
the forceps 3 to 4 cm from the pleural surface, the 
patient was asked to take a deep inspiration, at 
which time the open forceps was advanced until 
resistance was felt or the patient complained of 
pleuritic pain. The patient exhaled forcefully, 
and the forceps was closed and slowly pulled 
back. Fluoroscopically, one could see traction on 
the lung as the forceps tore away tissue. This 
sequence was repeated at least five or six times, 
usually from different lobes or segments, unilat- 
erally. On one occasion biopsies were per- 
formed bilaterally. To facilitate processing by 
the pathologist, each specimen was placed in a 
separate bottle of 10% formalin. Chest fluoros- 
copy and roentgenograms were obtained at the 
completion of the procedure, and the chest 
roentgenogram was repeated several hours la- 
ter. 


Results 


Satisfactory specimens of pulmonary paren- 
chyma were obtained for histological study in all 





Radiograph showing precise placement of the 
transbronchial forceps in the periphery of the lung 
with fluoroscopic guidance. 


40 patients. The diagnostic results of transbron- 
choscopic biopsy are summarized in the Table. 
A pathological diagnosis was obtained in 34 of 
the 40 patients. A diagnosis of pulmonary fi- 
brosis, with or without inflammation, was made 
in 17 patients. In each of 5 patients in whom 


Histological Diagnosis in 40 Patients Who 
Underwent Transbronchoscopic Biopsy for 
Diffuse Lung Disease 


No. of 


Diagnosis Patients 


Pulmonary fibrosis (with 17 
or without inflammation) 

Sarcoid 

Normal lung 

Carcinoma 

Nonspecific inflammation 

Fungus 

Lymphoma® 

Toxic reaction 

Allergic reaction 

Pneumocystis 

Granuloma 

Bronchopneumonia 
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*Transbronchial biopsy diagnostic results inaccurate in both 
patients. 
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sarcoidosis was suspected, the diagnosis was 
confirmed. “Opportunistic” infection (Pneu- 
mocystis carinii and fungus) was correctly di- 
agnosed in 3 immunologically compromised 
patients. More importantly, no serious infection 
was missed in such patients. Undifferentiated 
carcinoma was identified in 3 patients and a 
diagnosis of nonspecific inflammation was 
made in 2 patients. Biopsy results demonstrated 
toxic reaction, allergic reaction, granuloma, and 
pneumonia in each of 4 additional patients. The 
diagnostic results of transbronchial biopsy were 
inaccurate in only 2 patients. One patient had a 
transbronchial biopsy with the finding of dense 
fibrosis, the same pattern seen on a prior open 
biopsy. Later, at postmortem examination, the 
patient was found to have had histiocytic lym- 
phoma with pulmonary parenchymal involve- 
ment. The second patient had been treated for 
Hodgkin’s disease and developed an infiltrate in 
the right middle lobe. A transbronchial biopsy 
showed chronic inflammation and atypical 
monocytes. Open biopsy in this patient re- 
vealed Hodgkin’s disease involving the right 
middle lobe. Four patients had a histological 
finding of normal lung. All of these patients 
were in a late stage of resolution roentgeno- 
graphically, and in all the pulmonary infiltrate 
completely cleared. Thus transbronchial biopsy 
was helpful in the clinical management of 38 of 
the 40 patients. 

No major complications were encountered. 
Minor bleeding from the area of biopsy was 
frequently observed. This usually required posi- 
tioning the patient with the bleeding site de- 
pendent and carefully irrigating and suctioning 
the tracheobronchial tree. In 1 patient with 
thrombocytopenia the procedure had to be ter- 
minated because of hemorrhage following the 
initial biopsy. The bleeding quickly stopped 
without clinical sequelae, and the tissue proved 
to be satisfactory for diagnosis. Several patients 
were seen on fluoroscopy to develop density in 
the area of biopsy. These areas were noted to 
have cleared on subsequent chest roentgeno- 
grams and were never a clinical problem. 
Pneumothorax did not occur in any patient. 


Comment 
Thoracic surgeons are frequently asked to obtain 
pulmonary tissue from patients with diffuse 


lung disease. This can be done safely and accu- 
rately by open lung biopsy even in critically ill 
patients [9, 11, 12, 20]. Nevertheless, if the same 
results are attainable, a simpler technique is de- 
sirable. Since the original article by Anderson 
and colleagues [4], there have been a number of 
additional reports advocating transbronchial 
lung biopsy [10, 13, 18]. Recently, the original 
technique has been modified (ie, use of the flex- 
ible fiberoptic bronchoscope and smaller for- 
ceps) with a marked decrease in the morbidity 
and little change in the effectiveness of this pro- 
cedure. Investigators report a diagnostic yield of 
64 to 79% [6, 13, 18]. Our experience at the North 
Carolina Memorial Hospital confirms the safety 
and diagnostic accuracy of this technique. In the 
current series, transbronchial lung biopsy was 
clinically helpful in 38 of our 40 patients. 
Many internists are reluctant to accept a diag- 
nosis of nonspecific fibroinflammatory disease 
established by transbronchial biopsy because of 
a lack of data comparing the technique to open 
lung biopsy. However, the frequent diagnosis 
of interstitial fibrosis and inflammation noted 
in the present study is similar to previous re- 
ports of open [20] and standard bronchoscopic 
lung biopsies [3]. Although further study is 
necessary, this report should strengthen re- 
liance on transbronchial lung biopsy for the 
diagnosis of “fibrosing alveolitis’” or non- 
specific fibroinflammatory disease. Unless 
large amounts of tissue are needed for more 
sophisticated studies, fiberoptic transbronchial 
lung biopsy should be done before undertaking 
an open lung biopsy in patients with interstitial 
lung disease. If the results of transbronchial 
biopsy do not support the clinical impression, 
then an open lung biopsy must be performed. 
Histological confirmation of sarcoidosis is es- 
sential and is usually established by medias- 
tinoscopy and lymph node biopsy. By trans- 
bronchial lung biopsy we have been able to 
demonstrate the typical noncaseating gran- 
uloma histologically and to obtain tissue for 
culture in each case in which sarcoid was sus- 
pected. All these patients had an infiltrate on 
chest roentgenograms and biopsies were ob- 
tained from the area of the involved lung. Al- 
though the diagnostic yield is greater when 
pulmonary infiltrates are present on chest 
roentgenogram, it is sufficiently high even 
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without infiltrates to justify transbronchial 
biopsy when sarcoidosis is suspected [13, 14, 16, 
17]. Therefore, we perform transbronchial lung 
biopsy prior to mediastinoscopy in patients 
thought to have sarcoidosis. 

Another common diagnostic problem is that 
of the patient with a compromised immunologi- 
cal mechanism who is suspected of having an 
opportunistic infection such as Pneumocystis 
carinii, Aspergillus, or Mycobacterium [23]. In our 
experience, fiberoptic transbronchial lung 
biopsy proved to be an effective means of diag- 
nosis in this difficult situation. Although a “de- 
finitive diagnosis” was not obtained in 2 of our 
patients in this category, an opportunistic infec- 
tion was effectively ruled out. 

Although no major complications were en- 
countered in this series of 40 patients, certain 
precautions are essential [25]. Suction must be 
used sparingly to avoid hypoxemia [2], and 
supplemental oxygen should be available dur- 
ing the procedure. One must be wary of the 
development of pneumothorax, particularly in 
individuals whose pulmonary function is al- 
ready compromised. It is important that the in- 
volved lung be reexpanded immediately, pref- 
erably by insertion of a standard chest tube in 
the second anterior intercostal space. Of greater 
concern is the problem of brisk pulmonary 
hemorrhage. In a collected series of 438 patients, 
the incidence of bleeding was 9% [25]. If the 
coagulation mechanism is significantly altered, 
then specific therapy must be instituted prior to 
biopsy to prevent serious hemorrhage. An open 
lung biopsy should be the primary diagnostic 
procedure in the presence of an uncorrected 
bleeding diathesis. We continue to believe 
transbronchial biopsy should be done by a 
physician expert in the use of the rigid bron- 
choscope and that suction equipment, 6.5 mm 
gauze packing, biopsy forceps, and a Fogarty 
catheter should be available if serious bleeding 
occurs. If vigorous suctioning does not prevent 
blood from spilling into adjacent bronchi, the 
involved area should be packed immediately 
with gauze or a balloon catheter inserted into 
the bronchus. The double-lumen tube of 
Robertshaw [21] may be used to prevent con- 
tralateral aspiration of blood while attempts are 
made to control the bleeding site [22]. 


Finally, the cost to the patient both monetarily 
and in terms of morbidity for open lung biopsy 
versus transbronchial biopsy in uncomplicated 
situations is very different. For the typical pa- 
tient in our series, transbronchial biopsy with 
three days hospitalization costs about half as 
much as the open procedure with eight days 
hospitalization. On occasion, as reported by 
Scheinhorn and associates [23], transbronchial 
biopsy may be done as an outpatient procedure. 
Thus, fiberoptic transbronchial biopsy offers 
the thoracic surgeon a new approach, high in 
diagnostic accuracy and low in cost, to an old 
problem. 
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Discussion 

DR. DAVID LOLLEY (Marshfield, WI): From 1955 to 1976, 
512 procedures were performed at the Marshfield 
Clinic with minimal morbidity and mortality by 
means of a minithoracotomy. Eighty percent were 
closed without chest tubes. Postoperatively 
pneumothorax occurred in 23% of the patients, with 


fewer than one-half requiring subsequent chest 
tubes. No pleural effusions required therapy; only 2 
hemothoraces required transfusion. Total hospital 
mortality was 4.5%, but only 2 deaths were directly 
related to the procedure. Mortality and morbidity 
were disease dependent. Ambulatory patients spent 
only 3 days in the hospital. Pain, for which mild oral 
analgesics were prescribed, was minimal. To compare 
expenses: the fee for fiberoptic bronchoscopy was 
$225, for open lung biopsy, $165. 

Minithoracotomy is indicated in all patients with 
diffuse pulmonary disease of undetermined cause, 
with emphasis on children, mechanically ventilated 
patients, and patients with coagulopathy. Contrain- 
dications are pulmonary hypertension and wide- 
spread neoplasms. The advantages are procurement 
of an adequate sample for culture and histopathology; 
ability to assess all intrathoracic disease; no incidence 
of air embolism, massive hemoptysis, or aspiration 
hypoxia; and a low failure rate. Pathological diag- 
noses established were: pneumoconiosis (25%), neo- 
plasms (19%), specific primary pulmonary disease 
(17%), specific pulmonary infections (6%), and vascu- 
lar disease (4%). A 29% incidence of nonspecific pul- 
monary diagnoses was obtained. In the University of 
North Carolina series, nonspecific pulmonary diag- 
noses were obtained in 68% of the patients, strongly 
indicating inadequate biopsies. 

It is our belief that open-lung biopsy performed 
through a minithoracotomy is benign, is inexpensive, 
involves minimal hospital time, and has higher 
yields. 


DR. SMITH: The results of open lung biopsy at the 
Marshfield Clinic are commendable. We believe that 
open lung biopsy is a diagnostic standard by which 
everything else must be compared. However, we still 
believe that transbronchial biopsy has a very low 
morbidity, is not particularly related to patient dis- 
comfort, and has an acceptable diagnostic yield. 

As far as the comparison of nonspecific findings in 
our paper, a lot depends on how the data are inter- 
preted as well as on the referral patterns. I think inter- 
nists would be more likely to refer patients with only 
nonspecific diagnoses for transbronchial lung biopsy. 
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In the shock syndrome: 


/ 


selectively redirects blood to vital organs 


Increases vital organ perfusion 


In the shock syndrome, perfusion pressure usually 
does not meet the metabolic needs of the vital 
organs. When volume replacement fails to reverse 
this process, additional therapy must be initiated 
to increase cardiac output and blood pressure 
and to increase blood flow to vital organs. 


Intropin (dopamine HC!) is the only drug that 
both increases cardiac output and blood pressure 
while specifically redirecting the blood flow. 


Maintains kidney function 


The unique ability of Intropin to act on the 
“dopaminergic” receptors in the mesenteric and 
renal vasculature causes vasodilation in these 
beds and leads to increased renal blood flow, 
glomerular filtration rate and urine output. At low 
dose levels (less than 5 mcg/kg/min), when 
cardiac stimulation is not usually observed, these 
increases are independent of increased cardiac 
output. 


In comparison, norepinephrine causes vasocon- 
striction in these beds, further compromising vital 
organ function.’ Isoproterenol causes generalized 
systemic vasodilation (thereby requiring greater 
cardiac output to increase vital organ perfusion) 
and does not increase the renal fraction of the 
increased cardiac output.? 


Increases cardiac output 


At higher doses (above 5 mcg/kg/min), Intropin 
begins to increase myocardial contractility, 
stroke volume and cardiac output by direct 
positive inotropic effect while maintaining much 
of the unique dopaminergic effect. In certain 
patients such as refractory congestive failure 
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patients, the increase in cardiac output may be 
seen at doses of less than 5 mcg/kg/min. 


Norepinephrine, on the other hand, has a similar 
inotropic effect, but the expected increase in 
cardiac output is often diminished due to the 
increased systemic vascular resistance (afterload) 
resulting from norepinephrine’s alpha adrenergic 
activity. Isoproterenol increases cardiac output 

in part through a chronotropic effect. Its use 
results in a greater increase in myocardial 
oxygen consumption than does the inotropic 
effect of Intropin. It also results in a greater poten- 
tial for arrhythmias.’ The increased cardiac 
output obtained with isoproterenol is delivered 

to the total systemic vasculature due to general 
vasodilation while the selective vasodilation of 
Intropin directs more blood supply to the areas in 
need of vital perfusion. 


Increases blood pressure 


Intropin doses of over 20 mcg/kg/min will usually 
result in an alpha adrenergic (vasoconstriction) 
response in the peripheral vasculature. This 
usually raises the pressure and also redirects 
blood flow through the vasodilated vasculature of 
the renal and mesenteric beds. Thus, Intropin can 
increase blood pressure through an inotropic 
cardiac response or at doses above 20 mcg/kg/ 
min through an additional peripheral 
vasculature response. 
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reported to dilate the rena! vasculature presumptively by activation of a ‘dopaminergic’ receptor. This 
action is accompanied by increases in glomerular filtration rate, renal blood flow, and sodium excretion. 
An increase in urinary output produced by dopamine is usually not associated with a decrease in 
osmolality of the urine. 


INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances present in the 
shock syndrome due to myocardial infarctions, trauma, endotoxic septicemia, open heart surgery, renal 
failure, and chronic cardiac decompensation as in congestive failure. 

Where appropriate, restoration of blood volume with a suitable plasma expander or whole blood 
should be instituted or completed prior to administration of INTROPIN. 

Patients most likely to respond adequately to INTROPIN are those in whom physiological parameters, 
such as urine flow, myocardial function, and blood pressure, have not undergone profound deteriora- 
tion. Multiclinic trials indicate that the shorter the time interval between onset of signs and symptoms 
and initiation of therapy with volume correction and INTROPIN, the better the prognosis. 


Poor Perfusion of Vital Organs — Urine flow appears to be one of the better diagnostic signs by which 
adequacy of vital organ perfusion can be monitored, Nevertheless, the physician should also observe 
the patient for signs of reversal of confusion or comatose condition. Loss of pallor, increase in toe 
temperature, and/or adequacy of nail bed capillary filling may also be used as indices of adequate 
dosage. Clinical studies have shown that when INTROPIN is administered before urine flow has di- 
minished to levels approximately 0.3 ml./minute, prognosis is more favorable. Nevertheless, in a num- 
ber of oliguric or anuric patients, administration of INTROPIN has resulted in an increase in urine flow 
which in some cases reached normal levels. INTROPIN may also increase urine flow in patients whose 
output is within normal limits and thus may be of value in reducing the degree of pre-existing fluid 
accumulation. It should be noted that at doses above those optimal for the individual patient, urine 
flow may decrease, necessitating reduction of dosage. Concurrent administration of INTROPIN and 
diuretic agents may produce an additive or potentiating effect. 


Low Cardiac Output— Increased cardiac output is related to INTROPIN's direct inotropic effect on the 
myocardium. Increased cardiac output at low or moderate doses appears to be related to a favorable 
prognosis. Increase in cardiac output has been associated with either static or decreased systemic 
vascular resistance (SVR). Static or decreased SVR associated with low or moderate increments in 
cardiac output is believed to be a reflection of differential effects on specific vascular beds with increased 
resistance in peripheral beds (e.g. femoral) and concomitant decreases in mesenteric and renal vas- 
cular beds. Redistribution of blood flow parallels these changes so that an increase in cardiac output 
is accompanied by an increase in mesenteric and renal blood flow. In many instances the renal fraction 
of the total cardiac output has been found to increase. Increase in cardiac output produced by INTROPIN 
is not associated with substantial decreases in systemic vascular resistance as may occur with isopro- 
terenol. 

Hypotension — Hypotension due to inadequate cardiac output can be managed by administration of low 
to moderate doses of INTROPIN, which have little effect on SVR. At high therapeutic doses, INTROPIN's 
alpha adrenergic activity becomes more prominent and thus may correct hypotension due to dimin- 
ished SVR. As in the case of other circulatory decompensation states, prognosis is better in patients 
whose blood pressure and urine flow have not undergone profound deterioration. Therefore, it is sug- 
gested that the physician administer INTROPIN as soon as a definite trend toward decreased systolic 
and diastolic pressure becomes evident. 


CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 
WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachyarrhythmias 
or ventricular fibrillation. 

Do NOT add INTROPIN to any alkaline diluent solution, since the drug is inactivated in alkaline 
solution. 

Patients who have been treated with monamine oxidase (MAO) inhibitors prior to the administration 
of INTROPIN will require substantially reduced dosage. Dopamine is metabolized by MAO, and inhibi- 
tion of this enzyme prolongs and potentiates the effect of INTROPIN. The starting dose in such patients 
should be reduced to at least one-tenth (1/10) of the usual dose. 


Usage in Pregnancy — Animal studies have revealed no evidence of teratogenic effects from INTROPIN. 
In one study, administration of INTROPIN to pregnant rats resulted in a decreased survival rate of the 
newborn and a potential for cataract formation in the survivors. The drug may be used in pregnant 
women when, in the judgment of the physician, the expected benefits outweigh the potential risk to 
the fetus. 

Usage in Children—The safety and efficacy of this drug in children has not been established. INTROPIN 
has been used in a limited number of pediatric patients, but such use has been inadequate to fully define 
proper dosage and limitations for use. Further studies are in progress. 

PRECAUTIONS: Avoid Hypovolemia— Prior to treatment with INTROPIN, hypovolemia should be fully 
corrected, if possible, with either whole blood or plasma as indicated. 

Decreased Pulse Pressure — If a disproportionate rise in the diastolic pressure (i.e. a marked decrease 
in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate should be de- 
creased and the patient observed carefully for further evidence of predominant vasoconstrictor activity, 
unless such an effect is desired. 


Extravasation—INTROPIN should be infused into a large vein whenever possible to prevent the pos- 
sibility of extravasation into tissue adjacent to the infusion site. Extravasation may cause necrosis anc 
sloughing of surrounding tissue. Large veins of the antecubital fossa are preferred to veins in the dor- 
sum of the hand or ankle. Less suitable infusion sites should be used only if the patient's conditior 
requires immediate attention. The physician should switch to more suitable sites as rapidly as possible, 
The infusion site should be continuously monitored for free flow. 


Occlusive Vascular Disease —Patients with a history of occlusive vascular disease (for example, 
atherosclerosis, arterial embolism, Raynaud's disease, cold injury, diabetic endarteritis, and Buerger's 
disease) should be closely monitored for any changes in color or temperature of the skin in the extrem- 
ities. tf a change in skin color or temperature occurs and is thought to be the result of compromised 
circulation to the extremities, the benefits of continued INTROPIN infusion should be weighed against 
the risk of possible necrosis. This condition may be reversed by either decreasing or discontinuing 
the rate of infusion. 





IMPORTANT — Antidote for Peripheral Ischemia: To prevent sloughing and necrosis in ischemic | 
areas, the area should be infiltrated as soon as possible with 10 to 15 mi. of Saline solution 
containing from 5 to 10 mg. of Regitine® (brand of phentolamine), an adrenergic blocking 
agent. A syringe with a fine hypodermic needle should be used, and the solution liberally 
infiltrated throughout the ischemic area. Sympathetic blockade with phentolamine causes 
immediate and conspicuous local hyperemic changes if the area is infiltrated within 12 hours. 
Therefore, phentolamine should be given as soon as possible after the extravasation is noted. 








Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics —Cyclopropane or halogenated hydro 
carbon anesthetics increase cardiac autonomic irritability and therefore may sensitize the myocardiurr 
to the action of certain intravenously administered catecholamines. This interaction appears to be re 
lated both to pressor activity and to beta adrenergic stimulating properties of these catecholamines 
Therefore, as with certain other catecholamines, and because of the theoretical arrhythmogenii 
potential, INTROPIN should be used with EXTREME CAUTION in patients inhaling cyclopropane o 
halogenated hydrocarbon anesthetics. 

Careful Monitoring Required — Close monitoring of the following indices — urine flow, cardiac outpu 
and blood pressure — during INTROPIN infusion is necessary as in the case of any adrenergic agent. 
ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical evaluation of INTROPIN 
included ectopic beats, nausea, vomiting, tachycardia, anginal pain, palpitation, dyspnea, headache, 
hypotension, and vasoconstriction. Other adverse reactions which have been reported infrequently 
were aberrant conduction, bradycardia, piloerection, widened QRS complex, azotemia, and elevated 
blood pressure. 

DOSAGE AND ADMINISTRATION: 

WARNING: This is a potent drug: It must be diluted before administration to patient. 

Suggested Dilution — Transfer contents of one ampul (5 ml. containing 200 mg. INTROPIN) by aseptic 
technique to either a 250 ml. or 500 mi. bottle of one of the following sterile intravenous solutions: 

1) Sodium Chloride Injection, USP 5) Dextrose (5%) in Lactated Ringer's 


2) Dextrose 5% Injection, USP Solution 
3) Dextrose (5%) and Sodium Chloride 6) Sodium Lactate (1/6 Molar) 
(0.9%) Injection, USP Injection, USP 


4) 5% Dextrose in 0.45% Sodium 
Chloride Solution 


7) Lactated Ringer's Injection, USP 


These dilutions will yield a final concentration for administration as follows: 
250 ml. dilution contains 800 mcg./ml. of INTROPIN 
500 ml. dilution contains 400 mcg./ml. of INTROPIN 

INTROPIN has been found to be stable for a minimum of 24 hours after dilution in the sterile intra- 
venous solutions listed above. However, as with all intravenous admixtures, dilution should be made 
just prior to administration. 

Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline intravenous solutions, 
since the drug is inactivated in alkaline solution. 


Rate of Administration—INTROPIN, after dilution, is administered intravenously through a suitable 
intravenous catheter or needle. An i.v. drip chamber or other suitable metering device is essential for 
controlling the rate of flow in drops/minute. Each patient must be individually titrated to the desired 
hemodynamic and/or renal response with INTROPIN. In titrating to the desired increase in systolic 
blood pressure, the optimum dosage rate for renal response may be exceeded, thus necessitating a 
reduction in rate after the hemodynamic condition is stabilized.. 

Administration at rates greater than 50 mcg./kg./min. have safely been used in advanced circulatory 
decompensation states. If unnecessary fluid expansion is of concern, adjustment of drug concentration 
may be preferred over increasing the flow rate of a less concentrated dilution. 


Suggested Regimen: 

1. When appropriate, increase blood volume with whole blood or plasma until central venous pressure 
is 10 to 15 cm H,O or pulmonary wedge pressure is 14-18 mm Hg. 

2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute INTROPIN in patients 
who are likely to respond to modest increments of heart force and renal perfusion. 

In more seriously ill patients, begin administration of diluted solution at doses of 5 mcg./kg./minute 
INTROPIN and increase gradually using 5 to 10 mcg./kg./minute increments up to 20 to 50 mcg./kg./ 
minute as needed. If doses of INTROPIN in excess of 50 mcg./kg./minute are required, it is suggested 
that urine output be checked frequently. Should urine flow begin to decrease in the absence of hypo: 
tension, reduction of INTROPIN dosage should be considered. Multiclinic trials have shown that more 
than 50% of the patients were satisfactorily maintained on doses of INTROPIN less than 20 mcg./kg./ 
minute. In patients who do not respond to these doses with adequate arterial pressures or urine flow, 
additional increments of INTROPIN may be employed in an effort to produce an appropriate arteria 
pressure and central perfusion. 

3. Treatment of all patients requires constant evaluation of therapy in terms of the blood volume, aug- 
mentation of myocardial contractility, and distribution of peripheral perfusion. Dosage of INTROPIN 
should be adjusted according to the patient's response, with particular attention to diminution of estab- 
lished urine flow rate, increasing tachycardia or development of new dysrhythmias as indices for de- 
creasing or temporarily suspending the dosage. 

4. As with all potent intravenously administered drugs, care should be taken to control the rate ol 
administration so as to avoid inadvertent administration of a bolus of drug. 

OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure elevation, 
reduce rate of administration or temporarily discontinue INTROPIN until patient's condition stabilizes, 
Since INTROPIN's duration of action is quite short, no additional remedial measures are usually neces- 
sary. If these measures fail to stabilize the patient's condition, use of the short-acting alpha adrenergic 
blocking agent, phentolamine, should be considered. 


HOW SUPPLIED: 5 mi. ampuls containing 40 mg. dopamine HC! per milliliter September, 1975 


ARNAR-STONE LABORATORIES, INC. 
Mount Prospect, Illinois 60056 
A Subsidiary of American Hospital Supply Corporation 
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for the Travenol TMO Membrane Oxygenator 


Since the introduction of the Travenol TMO Membrane Oxyge- 
nator, surgeons have devoted significant effort to clinical 
#@aluations of this gas exchange device used during cardio- 
pulmonary bypass. Independent teams led by Berry and 
DeBakey reported that the TMO oxygenator produced less 
trauma to the blood than bubble oxygenators!2 Solis 
credited it with better maintenance of platelet function$ 
According to the experience of Heimbecker et al, the unit 
contributed to lower levels of plasma hemoglobin during 
bypass and higher platelet survival rates. He also reported 
reductions in postoperative bleeding (chest drainage) and 
the need for banked blood’ Of major significance is the 
evidence submitted by Liddicoat et al verifying that the TMO 
oxygenator provided superior performance during cardio- 
pulmonary bypass when compared to bubble oxygenators5 

The Travenol TMO Membrane Oxygenator provides 


ences 

my. WB.. Davis, L., and Daniell, M.B. Clinical trial with a disposable membrane 
lenator. From the Division of Cardiovascular and Thoracic Surgery, Memorial 
ital, Chattanooga, Tennessee. (Unpublished data—reprint of study available.) 
all, A-C.. Jr, Solis, R.T.. Kakvan, M., Morris, G.C., Jr., Noon, G.P., and DeBakey, M.E 





al experience with the Teflo* disposable membrane oxygenator. Ann. Thorac 
rg., Vol. 21, No. 2, February 1976. 3. Solis, R.T., Kennedy, P.S., Beall, A.C., Jr Noon, 
and DeBakey., M.E. Cardiopulmonary bypass—microembolization and platelet 





these advantagesat costs comparable to bubble oxygenators) 
In addition, gas transfer across the membrane eliminate 

oxygenator-created microbubbles. This method of gas e» 
change within the TMO Membrane Oxygenator more closel' 
resembles that of the normal human lung and will perm 

independent control of oxygen and carbon dioxide transfers 
The oxygenator is designed to operate at blood flow rate 

up to 6 liters per minute and, under standard test conditions 
will transfer 300 ml of oxygen per minute. 

Copies of the previously mentioned papers and those 
others listed pertaining to the TMO Membrane Oxygenato# 
are available upon request from your Travenol Cardiopull 
monary Systems Specialist. 


The Travenol TMO Membrane Oxygenator is the unit formerly referred to 
as the Travenol MODULUNG-TEFLO Membrane Oxygenator 


aggregation. Circulation, Vol. 52, July 1975. 4. Heimbecker, R.O., McKenzie, F.N 

Wall, W., Robert, A., Barnicoat, K.T., and Gergely, N. Bloodiess open heart surgery —th@ 
blood sparing effect of a membrane oxygenator and an atraumatic circuit. Abstract oF 
paper submitted to the Society of Thoracic Surgeons, 1976. 5. Liddicoat, J.E., Bekassy 
S.M., Beall, A.C., Jr, Glaeser, D.H., and DeBakey, M.E. Membrane vs bubble oxygenator 

clinical comparison. Ann. Surg., Vol. 181, No. 5, May 1975 

Additional references on page 4 
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IVISION 


the Travenol TMO 
Membrane Oxygenator... 
performance you can count on 
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presented in reference No. 4. 
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DICATIONS 


e Travenol TMO Membrane Oxygenator is indicated 
the oxygenation of blood andthe removal of carbon 
ixide from it in an extracorporeal circuit during 

al cardiopulmonary bypass at flow rates upto 6 
rs/minute at altitudes not in excess of 2400 feet 

30 meters) 


NTRAINDICATIONS 

lection of patients as candidates for oxygenation is 
ally a medical responsibility and the outcome is 
2endent on many variables, including patient 
hology and surgical and perfusion procedures 


\RNINGS 

aluation of this oxygenator at elevated altitudes 

ìà shown inadequate outlet partial pressure for total 
dass (apparently because of lower O» partial 

issure differences across the membrane). Until 
oropriate modifications are made, use of this device 
iltitudes above 2400 feet (730 meters) Is not 
‘sommended 

n patients who are actively bleeding, medical 
Igment must be exercised in the use of the device 
nefits of oxygenation must be weighed against 

<s of total body heparinization Oxygen requirements 
j transfer rates are influenced by many variables 
ring perfusion 
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Use of blood suction devices must be limited where 
possible 


PRECAUTIONS 
Adequate heparinization is essential. If the oxygenator 
is used in hyperbaric environments, both sides of the 
oxygenator must be referenced to the same pressure 
The gas outlet port should remain open and free of 
any obstructions 

Before using, refer to complete directions 
accompanying the product 


Additional references (continued from previous page) 


Page, P.A. Clinical evaluation of anew microporous 
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. Powers, F.F., Martin, M., Smith, C.P., Beall, A.C., Jr., 
Morris, G.C.,Jr., and DeBakey, M.E. Clinical experience 
with the Teflo” membrane oxygenator AmSECT 
Proceedings, Vol. Il, 1974 


Murphy, W., Trudell, L.A., Friedman, L.I., Kakvan, M., 
Richardson, P.D., Karlson, K., and Galletti, P.M 
Laboratory and clinical experience with a microporous 
membrane oxygenator. Vol. XX Trans. Amer. Soc 
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Aortocoronary Vein Graft Flow in 

Response to Peripheral Venous Administration 
of Sodium Nitroprusside or Diazepam 

Robert K. Stoelting, M.D., and Robert D. King, M.D. 


ABSTRACT Vein graft flow (VGF) in response to 
peripheral venous administration of sadium nitro- 
prusside (SNP) or diazepam was studied in 13 anes- 
thetized patients following cardiopulmonary bypass 
for aortocoronary vein bypass graft operations. SNP 
(0.5 ug/kg/min) significantly reduced mean arterial 
pressure (p < 0.05). VGF paralleled the decreased 
blood pressure, but the reduction was not significant 
(p > 0.05). Diazepam (0.1 mg/kg) did not significantly 
alter blood pressure or VGF. We conclude that 
peripheral venous administration of SNP or 
diazepam is not a pharmacologically reliable method 
by which to increase VGF in the period immediately 
following a graft operation. 


Direct injection of sodium nitroprusside (SNP) 
or papaverine into aortocoronary vein bypass 
grafts increases the vein graft flow (VGF) [4]. 
This most likely reflects coronary artery vaso- 
dilatation distal to the graft. We speculated that 
peripheral venous administration of a coronary 
artery vasodilator, such as SNP, might be a use- 
ful pharmacological method for maintaining, or 
even increasing, VGF in the period immediately 
following bypass grafting. Indeed, a previous 
animal study demonstrated a significant rise in 
coronary blood flow and a decrease in coronary 
vascular resistance with minimal changes in 
perfusion pressure during peripheral venous in- 
fusion of SNP [5]. 


This report describes VGF before, during, and 


after peripheral venous administration of SNP. 
VGF was also studied following administration 
of diazepam, since this drug has also been re- 
ported to increase coronary blood flow [3]. 


From the Departments of Anesthesiology and Surgery, In- 
diana University School of Medicine, Indianapolis, IN. 
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Materials and Methods 


Thirteen men with coronary artery disease were 
studied following cardiopulmonary bypass. 
When circulatory stability (unchanging sys- 
temic blood pressure and heart rate) was pres- 
ent, and at least five minutes following heparin 
reversal with protamine, a previously calibrated 
electromagnetic flow transducer was placed on 
the left anterior descending aortocoronary vein 
graft. Flow through the vein graft (in ml/min) 
was read directly from a Statham flowmeter. No 
patient received blood volume replacement or 
inotropic support. Drug infusion was started 
after VGF remained unchanged for at least three 
minutes. Eight patients received a continuous 
infusion of SNP (0.5 wg/kg/min; average dose 
40.3-+ 1.8 wg/min, mean + SE) for five minutes. 
VGF, mean arterial pressure (MAP), and heart 
rate (HR) were recorded continuously before, 
during, and for three minutes after the SNP in- 
fusion. Similar measurements were obtained in 
5 other patients for three minutes before, then 
five minutes following, intravenous administra- 
tion of diazepam (0.1 mg/kg, 7.7 + 0.6 mg) over 
15 seconds. Following stabilization of all mea- 
surements after SNP and diazepam infusion, 3 
mg of papaverine was injected directly into the 
vein graft. 

During the observation period all patients 
were ventilated with 50% nitrous oxide and 
oxygen. Morphine (1-2 mg/kg) had been ad- 
ministered before cardiopulmonary bypass and 
muscle paralysis provided with metocurine 
(0.3-0.5 mg/kg). Arterial blood samples for 
blood gas and pH measurement were obtained, 
and nasopharyngeal temperature was recorded 
at the conclusion of SNP and diazepam adminis- 
tration. 

Data were analyzed with Student's t-test, and 
p < 0.05 was considered significant. This study 
was approved by the Indiana University School 
of Medicine Clinical Research Committee. 
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Fig 1, Mean arterial pressure (MAP) and vein graft 
flow (VGF) before, during, and after sodium 
nitroprusside (SNP) administration to 8 patients. 
SNP was infused at arate of 0.5 uglkgimin, Mean + 
SEM. Asterisk indicates. p <0.05 versus predrug 
value. 


Results 

MAP and VGF before, during, and after SNP 
infusion are depicted in Figure 1. MAP fell sig- 
nificantly (p < 0.05) three and five minutes after 
SNP infusion and returned toward predrug 
levels three minutes after the drug was discon- 
tinued. VGF tended to decrease during SNP in- 
fusion, but the change was not significant (p > 
0.05). VGF remained below predrug levels after 
discontinuation of SNP. HR did not change dur- 
ing the observation period. 

MAP and VGF did not change significantly (p 
> 0.05) in the first five minutes following 
diazepam administration (Fig 2). HR was un- 
changed. However, in 1 patient MAP decreased 
from 100 to 60 torr one minute after diazepam 
administration, and VGF fell from 70 to 45 ml/ 
min. Five minutes later MAP was 92 torr and 
VGF was 55 ml/min in this patient. 

The injection of papaverine (3 mg) directly 
into the same vein grafts increased flow in all 
patients within 15 seconds (Fig 3) without 
changing MAP or HR. 

Blood gases and pH were in normal ranges 
following SNP or diazepam infusion (Table). 
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Fig 2. Mean arterial pressure (MAP) and vein graft 
flow (VGF) following diazepam administration at 
zero time to 5 patients. Mean + SE. 
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Fig 3. Vein graft flow before and after injection of 3 
mg of papaverine directly into the vein graft of 
patients previously receiving SNP or diazepam (p< 
0.05, control versus papaverine). 


Comment 

These data demonstrate that peripheral venous 
administration of SNP (0.5 wg/kg/min) signifi- 
cantly reduced MAP. Although VGF flow did 
not change significantly, the trend was for flow 
to parallel changes in blood pressure. VGF did 
not increase during SNP infusion in any patient. 
It appears that coronary vascular resistance 
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Blood Gases, pH, and Temperature Immediately after SNP or Diazepam Administration 


(mean + SEM) 


Pao, Paco, Nasopharyngeal 
Drug (torr) (torr) pH Temperature (°C) 
Sodium nitroprusside 168 + 15 33 £2 7.51 + 0.06 36.1 + 0.8 
Diazepam 150 + 21 35 + 3° 7.48 + 0.04 36.0 + 0.5 


(pressure/flow) was decreased by SNP, but the 
concomitant reduction in perfusion pressure 
prevented any measurable increase in VGF. We 
did not measure left atrial pressure, but it is 
likely that SNP-produced reductions in MAP 
were associated with decreases in left ventricu- 
lar filling pressure (wall tension). Conceivably, 
reduced ventricular wall tension could improve 
the subendocardial distribution of blood flow 
without a change in VGF. 

Diazepam (0.1 mg/kg intravenously) has been 
shown to increase coronary blood flow without 
changing blood pressure or cardiac output in 
patients with coronary artery disease [3]. In 
animals similar responses were attributed to 
diazepam-produced coronary artery vasodila- 
tion through the adrenergic nervous system [1]. 
The alcohol-propylene glycol solvent vehicle for 
diazepam may increase coronary blood flow 
slightly, but diazepam per se is primarily re- 
sponsible for this response [2]. Nevertheless, 
diazepam did not significantly alter VGF in our 
patients. In 1 patient MAP fell 40% and VGF 
decreased 25% one minute after diazepam ad- 
ministration. 

We cannot speculate as to responses with dif- 
ferent drug dosages or when vascular resistance 
distal to the vein graft may be excessive. For ex- 
ample, predrug VGF was always adequate (> 40 
ml/min), implying acceptable runoff distally. 
Conceivably, the drug effects might have been 
different if VGF was low due to high arterial 
resistance distal to the graft. Nevertheless, in- 
creased VGF following papaverine administra- 
tion suggested that the arteries distal to the graft 
could respond to a vasodilator stimulus. Increas- 


ing the SNP or diazepam dosage seemed unwar- 
ranted since MAP tended to decrease with the 
SNP dose and fell dramatically in 1 patient after 
diazepam was given in a dosage of 0.1 mg/kg. 
Although blood pressure and heart rate were 
stable before drug administration, it is possible 
that MAP responses may have reflected chang- 
ing blood volume or cardiac output, which are 
always a consideration shortly after cardiopul- 
monary bypass. Finally, drug responses may be 
different in the anesthetized, as compared with 
the awake, state. 

We conclude that peripheral venous adminis- 
tration of SNP or diazepam in the doses and 
conditions of this study was not a pharmacologi- 
cally reliable method of increasing VGF in the 
period immediately following grafting. 
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A Recommended Protocol 


for Pacemaker Follow-up: Analysis 
of 1,705 Implanted Pacemakers 


Emil L. Mantini, M.D., Raymond K. Majors; M.S.E.E., 


James R. Kennedy, Ph.D., and George R. 


ABSTRACT This study, developed for the purpose 
of establishing an appropriate protocol for general 
follow-up of the paced patient, is based on clinical 
experience with patients derived from diverse 
specialties, geographical locations and protocol pref- 
erences. The analysis represents a four-year study of 
the transtelephonic follow-up of 1,705 implanted 
cardiac pacers, which represents 44,616 pacer-months 
of experience. There were 340 system malfunctions, 
41% (141) due to battery exhaustion and 59% (199) 
due to other causes. 

Of all observed system failures 9.7% (33) occurred 
within 1 month of implantation, with the rate declin- 
ing sharply thereafter until battery failures began to 
occur at approximately the twenty-fourth month. 
Only 10.9% (37) of all system failures were accom- 
panied by clinical symptoms. Of the clinical failures, 
62% (23) occurred in patients who were tested at 
intervals greater than 10 weeks. 

Our analysis indicates that testing should be per- 
formed weekly for the first month following lead 
manipulation. Thereafter, tests should be performed 
at 8- to 10-week intervals for the first 24 months of 
pacemaker life. During the third postimplant year 
tests should be conducted more frequently, depend- 
ing on the energy source of the generator. 


Pacemaker implantation has been an estab- 
lished form of therapy for cardiac rhythm dis- 
turbances for approximately 15 years. During 
this period many problems attendant to pace- 
maker implantation and maintenance have been 
defined, although few, if any, have been re- 
solved. The complication rate remains high. 
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Sepsis, erosion, and displacement continue to 
occur with an obstinate frequency. The single 
most crucial problem continues to be the limited 
functional life of pacemaker systems [5], which 
includes a constellation of considerations relat- 
ing to energy sources, materials, circuitry, and 
current consumption. Technical achievements 
in these areas are proceeding at a rapid pace. 
A facet of pacemaker technology that has not 
matured proportionally through the years is that 
of sophisticated surveillance of implanted 
pacemakers. The fact that pacemaker patients 
are at a constant and serious risk is still not 
generally recognized. Risk factors include unex- 
plained sudden death and recurrence of symp- 
toms. Awareness of the values of pacemaker 
follow-up were realized in the pioneering efforts 


of Furman and Escher [4] and of Bilitch and . > 


Parsonnet and their colleagues [1, 7]. The goals 
of pacemaker follow-up are patient security and 
prolongation of functional pacemaker life with 
consequent reduction of reoperation. 

If the need for pacemaker follow-up is an es- 
tablished fact, the methods of optimum surveil- 
lance require definition. This can be achieved 
only by sophisticated observation of large pa- 
tient populations over a long period. This study 
involves the analysis of 1,705 pacemaker pa- 
tients followed collectively over a 4-year period 
during which the occurrence, modes, and fre- 
quency of pacemaker system failures were 
documented. On the basis of these findings a 
protocol is presented for follow-up of the patient 
with a pacemaker. 


Clinical Materials and Methods 

Over a 4-year period, representing 44,616 
pacer-months’ experience, 1,705 patients rang- 
ing in age from 5 to 96 years were studied. Pace- 
makers from 11 manufacturers were analyzed. 
Pacemaker analysis was begun when patients 
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entered the clinical program and not necessarily 
at the time of implantation. 

Data were gathered at a free-standing pace- 
maker diagnostic clinic. All testing was per- 
formed transtelephonically. The following vari- 
ables of pacemaker function were measured 
with and without magnet: (1) electrocardio- 
gram; (2) pacemaker impulse rate; and (3) im- 
pulse height and duration (waveform analysis). 
Waveform analysis was not always performed in 
those instances when end-of-life indicators 
could be detected by other means. 

The patient population was essentially uncon- 
trolled in that patients were derived from 61 
different specialty practices and fram diverse 
geographic regions. Frequency of testing and 
therapeutic intervention were determined by 
the referring or attending physicians. Data were 
presented to the physician as a laboratory ser- 
vice of the clinic. 


Results 
Of the 1,705 pacemakers analyzed over the 
4-year period, 340 instances of pacemaker sys- 
tem failure were documented. System failure in 
the context of this study is not synonymous with 
failure to pace; rather it connotes an observable 
deviation from the intended function of the sys- 
tem. For example, first-cell failure of a pulse 
generator is considered a system failure even 
though pacing may continue uninterrupted. 
Of the 340 pacemaker system failures, 37 
(10.9%) were accompanied by return of the ini- 
tial clinical symptoms. Because of lack of infor- 
mation, we are unable to determine whether any 
deaths were related to system failure. All pace- 
maker system failures are presented in the Table 
according to mode of failure. 


Battery Failure 

This group comprises 141 (41%) system failures 
and includes generators in which one or more 
batteries failed. The earliest battery failure was 
observed at the eighth month, and 12 additional 
failures were observed by the nineteenth 
month. At the twenty-third postimplantation 
month there is a sharp rise in failure rate that 
persists through the forty-second month. The 
latest battery failure was observed at 52 months 
following implantation (Fig 1). 


Cause of Failure of 340 Pacemaker Systems 


Failure Mode Number Percent 

Battery 141 41 

Lead 169 50 
Distraction 75 44 
High threshold 38 22 
Undersensing 33 20 
Fracture 23 14 

Electronic 17 5 
components 

Non-pacer-related 13 4 
dysrhythmias 


It is too early to characterize the performance 
of the newer Mallory RM-1 Group II (long-term) 
mercury cells completely. An examination of the 
earliest group of 111 pacemakers reveals that 7 
(6.3%) have undergone first-cell failure by the 
twenty-seventh month. 

Whereas the rate of late battery failure is time 
related, the earlier failures are not distinctly so. 
Whether all early system failures represent pri- 
mary battery failure is difficult to ascertain. It is 
conceivable that early battery exhaustion re- 
sulted from circuitry malfunction in some cases. 


Lead-related Failures 


The 169 lead-related failures represent 50% of all 
system failures (Fig 2). On the basis of failure 
mode, lead problems tended to fall into four 
categories (Table). 


1. Lead distraction. Seventy-five of 169 lead 
problems resulted from distraction or migration 
of intravenous catheter electrodes. Seventy-one 
of these were manifest as malpositions of the 
catheter in the right ventricle or migration into 
the inferior vena cava. There were 2 instances of 
left ventricular stimulation secondary to migra- 
tion of the electrode through the myocardium. 
In2 patients atrial pacing, resulting from migra- 
tion of the electrode into the right atrium, was 
observed. l 

2. High threshold. Increases in stimulation 
threshold at the electrode/myocardium interface 
was the second most common lead problem and 
was observed in 38 instances (22% of all lead 
problems). This malfunction was manifest as 
failure to capture, either alone or combined with 
failure to sense. 
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Fig 1. Battery failures as a function of generator age. 


3. Undersensing. As an isolated malfunction, 
undersensing was the least common of the 
lead/myocardium interface problems and was 
found in 33 instances (20% of all lead problems). 

4. Lead fracture. Twenty-three (14%) of 169 
lead problems were proved to be lead fractures. 
Interestingly, 11 of the 23 fractures appeared as 


Fig 2. Lead-related failures as a function of generator 
age. 


20 


oversensing problems, while 8 appeared as 
complete loss of capture. There were 3 instances 
of intermittent failure to capture. The remaining 
case was manifest as failure to sense. 


Electronic Component Failure 


Of 340 system malfunctions, 17 instances (5%) 
were attributed to electronic component failure. 
Figure 3 shows that 2 systems failed at the outset 
as the result of circuitry problems. Component 
failure appears to be a random, non-time- 
related problem. The latest component failure 
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Fig3. Electronic component failures as a function of 
generator age. 


was observed in the thirty-ninth month follow- 
ing implantation. 


Non-Pacemaker-related Dysrhythmias 


Thirteen instances (4% of all pacemaker system 
failures) of innate cardiac dysrhythmias that in- 
capacitated an otherwise intact pacemaker sys- 
tem were observed, Supraventricular or ven- 
tricular tachycardias were the inciting rhythms. 

Figure 2 represents a time-related composite 
of pacemaker system failures resulting from all 
the various lead-related problems. The highest 
rate of failure occurs in the first 2 months follow- 
ing implantation. At 6 months after implanta- 
tion there is a second peak in the incidence of 
lead-related problems. This effect may be an 
artifact imposed by the frequent practice of per- 
forming the first follow-up test at 6 months. 


Fig4. Monthly probability of failure. This cortposite 
of battery and non-battery problems assumes that the 
ratio of battery- to non-battery failures is 70:30. 


BATTERY 
NON -BATTERY 


FAILURE PROBABILITY (Percent/Month) 


PACEMAKER AGE (Months) 





After approximately the seventh month lead 
problems no longer appear to be time related; 
rather, they occur as constant random functions. 
This is to be compared with Figure 1, which 
reveals an opposite distribution of problems 
with respect to time. 

Figure 4 is a time-related composite of all 
pacemaker system malfunctions. The ratio of 
battery-related to non-battery-related problems 
has been adjusted to 70 to 30, which seems to ` 
typify the results of others [4, 8] who work in 
clinics where prophylactic removal is ex- 
cluded as a regular practice. When nonbat- 
tery-related problems are superimposed on 
battery-related problems, it is evident that 
pacemaker systems are in constant jeopardy. 
High-risk states occur early and late, bracketing 
an interlude of lower risk. 


Comment 

If optimum pacemaker surveillance is desirable, 
recent studies by Bilitch [1] indicate that realisti- 
cally we have not yet approached this goal. It is 
estimated that 50% of pacemaker patients re- 





66 The Annals of Thoracic Surgery Vol 24 No 1 July 1977 


ceive inadequate follow-up. The general belief 
seems to persist that once a pacemaker has been 
implanted, the patient is relatively secure, and 
frequent follow-up is perhaps excessive. This 
notion stems in part from the common observa- 
tion that few patients die as a result of malfunc- 
tioning pacemaker systems. However, the valid- 
ity of this observation must be questioned 
seriously. Numerous published studies have 
compared the survival of pacemaker patients to 
that of the general population [2, 3, 6, 10]. Al- 
though the results are somewhat divergent, 
mortality in pacemaker patients is consistently 
higher. That unexplained deaths occur is a fact. 
Although it is impossible to prove because of 
lack of factual data, we suspect that many pa- 
tients who do not survive may die as a result of 
undetected pacemaker system failures. This be- 
lief is supported by recent studies of Rubin and 
colleagues [9] in which the causes of more than 
half of the deaths in their pacemaker population 
during the initial implant period were un- 
known. A prospective study is in progress by 
which we hope to determine the relationship 
between close surveillance and early mortality. 

A point of particular interest in the present 
study is that only 37 of 340 pacemaker system 
failures were accompanied by clinical symp- 
toms, while 303 failures were detected in 
asymptomatic patients. This suggests that many 
problems leading to clinical failure are detecta- 
ble at the subclinical level and are thus avoid- 
able. Analysis of our data further reveals that the 
incidence of failure from all causes is directly 
related to the interval between follow-up tests. 
Of the clinical failures, 62% occurred in patients 
who were tested at intervals greater than 10 
weeks. 

An alternative to vigilant pacemaker surveil- 
lance might seem to be prophylactic replace- 
ment of generators at arbitrarily prescinded 
intervals. It is apparent from our studies that 
this practice remains extant, as evidenced by the 
relatively small number of battery failures com- 
pared to other causes of failure. Prophylactic 
replacement can reasonably be condemned for 
several reasons. First, it does not deal 
adequately with the early problems, which 
probably will always be with us. Second, the 
waste that occurs from prophylactic replacement 
is barely canceivable. As Furman [5] has pointed 


out, elective removal of all generators during 
normal function results in extremely short 
functional periods. In the present series time- 
related pacemaker failure due to battery exhaus- 
tion began at the twenty-fourth postimplant 
month. If all generators had been electively re- 
moved at this time, nearly 33% of the pace- 
makers’ functional life would not have been 
realized. It is estimated that there are about 
200,000 pacemaker patients in the United States 
today. Extrapolated to a national scale, 
prophylactic generator replacement would 
result in the waste of more than 200,000 
pacemaker-years in the present pacemaker gen- 
eration alone. Of course, there will always be a 
small number of patients for whom extenuating 
circumstances mandate prophylactic generator 
replacement; but as a general practice, it can no 
longer be rationalized. 

What, then, constitutes adequate pacemaker 
follow-up? Our data suggest, because of the 
high incidence of lead-related failures in the 
early postimplant period, that a reasonable 
follow-up protocol should include weekly anal- 
ysis during the first month in patients with 
newly implanted or recently manipulated leads. 
Thereafter, tests should be performed at 8- to 
10-week intervals for the first 24 months of 
pacemaker life. During the third postimplant 
year tests should be conducted more frequently, 
depending on the energy source of the 
generator. Pacemakers with mercury cells 
should be tested weekly and those with lithium 
cells should be tested monthly. The extremely 
long life projected for nuclear and nickel-cad- 
mium cells suggests that testing frequency 
based on lead age would be more appropriate 
in such cases. 

Follow-up techniques will evolve with pace- 
maker technology. As the durability of pace- 
maker systems increases there should be a corre- 
sponding decrease in the frequency of testing. 
The instability of both electronic components 
and the electrode/myocardium interface will 
nevertheless dictate regular and systematic 
follow-up. 
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Discussion 

DR. FRANK M. BYERS (St Petersburg, FL): This paper 
very nicely demonstrates the effectiveness of the 
transtelephonic method of following pacemaker pa- 
tients by frequent analyses. However, in following 
approximately 200 patients with later model mercury 
pacemakers, we found that by patient individualiza- 
tion and education safe observation at longer inter- 
vals cculd be attained. Individualization is based on 
patient and product (education of the patient begins 
in the hospital prior to implant), is reinforced during 
office visits, and is greatly supplemented by atten- 
dance at our pacemaker-club meetings. We found that 
patients were able to detect pacemaker problems 
without frequent pacemaker analyses. 

Our experience over the last two years includes 13 
pacemaker system problems that occurred in regu- 
larly followed patients. Ten patients detected the 
problem themselves and promptly sought attention. 
In the other 3 patients, the diagnosis was unsuspected 
before pacemaker analysis. These 3 patients were not 
capable of independent follow-up. There were no 
pacemaker-related deaths or serious complications. 
We believe that education, individualization, and or- 
ganization of pacemaker patients safely allows for a 
less frequent follow-up program. 

The transtelephonic system should continue to be 
of great value in selected patients and in the study of 


pacemakers and related problems. We question, 
however, the necessity of frequent analyses of all mer- 
cury pacemakers. 


DR. FURMAN (Bronx, NY): I congratulate Dr. Mantini 
on his work. I would like to discuss a project, funded 
by the Food and Drug Administration, in which 
Montefiore Hospital and Medical Center, Newark 
Beth Israel Hospital, and the Los Angeles County 
Hospital have been involved. The purpose of this 
project is to compile and analyze data about pace- 
makers observed at each of the institutions. 

Since the inception of the project 24 years ago, we 
have implanted and followed 1,033 pulse generators; 
some were new implants, others were pulse generator 
replacements. We found that there were a substantial 
number of malfunctions which could be categorized 
as failures either of power source, circuitry, or lead 
system. Only 3 failures were considered battery 
related—1 after 10 months and the other 2 after 12 and 
16 months, respectively. All other malfunctions were 
related to electronic components, packaging, and cir- 
cuitry. Failures can appear within the first month; in 
fact, 1 failure occurred four hours after implantation. 

One group was implanted and removed during the 
study period. Indications for removal of the im- 
planted pacers were rate change (44%), sensing mal- 
function (19%), loss of capture (18%), and no output 
(2.2%); all other failures comprised 3.3% of the total 
of 46 patients who had pacemaker system failures. 

Of the implanted and removed group, only 3.3% 
of difficulties were battery related, almost 50% were 
component caused, and another 50% were caused by 
all other failures. 

The need for follow-up of patient and pacer still 
continues, regardless of the system used. 


DR. MANTINI: In response to Dr. Byers’ comments, I 
can only wonder at the extreme disparity between the 
data that each of us has presented here today. Why 
have we observed so many more system failures in 
our patient population as compared to his? There are 
several possible explanations, but one that strikes me 
as most appropriate relates to the frequency and the 
accuracy of testing for pacemaker malfunctions. My 
personal view, shared by others interested in pace- 
maker problems, is that pacemaker monitoring, 
which involves counting of the pulse by the patient, is 
at best a barely adequate method of testing. It is not 
to be recommended because of the extreme inac- 
curacies inherent in the method. I believe the varying 
incidence of pacemaker system malfunctions ob- 
served in our series, as compared to that of Dr. Byers, 
is related to the relative accuracy of the different test- 
ing methods. 

I would like to thank Dr. Furman for presenting his 
timely studies to us. These data emphasize that pace- 
makers continue to be fragile mechanisms that re- 
quire his type of persistent and sophisticated surveil- 
lance in order to accurately diagnose malfunctions. 
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ABSTRACT The effect of graded increments in 
positive end-expiratory pressure (PEEP) on arterial 
oxygen partial pressure (Pao,) and shunt fraction 
(Q;/Q,7), oxygen delivery, and respiratory mechanics 
and work required to ventilate 8 critically ill patients 
is reported. 

The work required to ventilate the patients in- 
creases markedly with the application and progres- 
‘sive increase in the level of PEEP. However, im- 
provement in lung mechanics lowers the net work of 
ventilating the lungs. At 20 cm H,O PEEP, the mean 
value for the work of ventilation in this group of 
patients is twice the mean value without PEEP. The 
increase in work of ventilation with PEEP is critical in 
the use of PEEP when patients are breathing spon- 
taneously with or without intermittent mandatory 
ventilation. 


Since the introduction of positive end-expir- 
atory pressure (PEEP) as a therapy useful in 
certain types of respiratory failure, many inves- 
tigations have been carried out to determine its 
physiological consequences [1-3, 6, 7, 9-16]. 
Most of these evaluations have directed atten- 
tion to the gas exchange and circulatory effects of 
PEEP, but several articles have also reported 
changes in mechanical properties of the lungs: 
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compliance and resistance [7, 9, 11, 15, 16]. Since 
PEEP alters both pressure and volume relation- 
ships in the lung, these mechanical properties 
must also be influenced. The present study was 
designed to evaluate the overall effects of gradu- 
ated increments of PEEP in a group of critically 
ill patients and to determine the level that might 
best be used as therapy in each patient. Particu- 
lar attention was directed to the effect of PEEP on 
the mechanics of ventilation. In addition to the 
changes in compliance and resistance that are 
brought about by the use of PEEP, we also found 
changes in the work of ventilation, a mechanical 
effect that has not as yet been investigated. 


Materials and Methods 


Because the patients chosen for study were 
being ventilated and were sedated, informed 
consent could not be obtained. Therefore, be-’ 
fore the study began, the protocol and 
safeguards to be used in the investigation were 
examined and approved by the Human Use 
Committee of the Naval Regional Medical 
Center, San Diego. Patients with hemodynamic 
instability, hypovolemia, bullous emphysema, 
or central nervous system trauma were excluded 
from the study because the use of PEEP was 
thought to be contraindicated in these patients. 
Study patients were selected from all other 
patients receiving mechanical ventilation on the 
Trauma Research Unit of the US Naval Hospital, 
San Diego, so that patients with differing types 
of pulmonary dysfunction could be included. 
Each patient was evaluated prior to the study, 
and a beneficial effect from PEEP was antici- 
pated in each patient. A total of nine studies 
were performed on 8 patients. Physical charac- 
teristics and diagnoses of these patients are 
shown in Table 1. The ages of the patients 
ranged from 19 to 67 years; all but 1 of the pa- 
tients were male. Patient 7 was studied on two 
separate occasions one week apart and had been 
weaned from mechanical ventilation and extu- 
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Table 1. Physical Characteristics of the Study Patients 


Baseline Baseline 
Patient No., Resistance Compliance 
Sex, and Age Patient Status and Diagnoses Course (cm H,O/Lisec) (Licm H,O) 
1. M, 48 Hepatic and renal failure after Died 10.4 0.045 
portacaval shunt 
2. M, 19 Massive transfusion needed during explora- Recovered 8.8 0.060 
tion for upper gastrointestinal bleeding 
3, M, 67 Sepsis after repair of perforated viscus Recovered 8.9 0.044 
with peritonitis 
4, M, 67 Radical nephrectomy in patient with Died 21.1 0.036 
long history of chronic obstructive 
pulmonary disease 
5. M, 35 Uncomplicated course ater splenectomy Recovered 5.7 0.052 
6. M, 41 Uncomplicated course after splenectomy Recovered 5.5 0.067 
7. M, 29 Sepsis after laparotomy for ruptured 13.4 0.030 
viscus with peritonitis 
Same patient, 1 wk later Died 14.4 0.032 
8. F, 46 Aortofemoral bypass in patient with Recovered 7.5 0.045 


chronic alcoholism 


bated for two days between studies. A decline in 
cardiopulmonary function necessitated the re- 
turn of the patient to mechanical ventilation, 
and subsequent studies were made. 

Each patient was ventilated by a volume ven- 
tilator (Bennett MA-1) through an endotracheal 
catheter to achieve a baseline Paco, between 35 
and 40 torr. Ventilator settings were not changed 
during the course of the study. Patients were 
sedated (morphine sulfate, 5 to 20 mg, and 
diazepam, 5 to 10 mg); some were paralyzed 
(pancuronium, 4 to 8 mg) when necessary to 
allow controlled ventilation. Routine monitor- 
ing o: these patients included measurements of 
arterial pressure, central venous pressure, and 
pulmonary arterial and pulmonary capillary 
wedge pressures. For the determination of res- 
piratory mechanics, a flow sensor (Fleisch 
pneumotachygraph) and a pressure sensor 
(Statram PMGTC differential pressure trans- 
ducer) were connected to the patient's airway. 

Analog voltages from the flow and pressure 
sensors underwent digital conversion at a rate of 
25 samples per second in a specially constructed 
respiratory cart which also transmitted these data 
to a digital computer (Hewlett-Packard 2100) by 
a telephone line. Computation of respiratory 
mechanics from these signals has been de- 
scribed elsewhere [8]. In essence, the computa- 
tions are based upon phasic analysis of flow and 


pressure data that derives values for compliance 
and resistance by analogy to an electrical circuit 
that contains a series capacitance and resistance 
unit. Total work required to ventilate the patient 
is calculated as the sum at each sample moment 
of the products of airway pressure and flow dur- 
ing inspiration, divided by the sample rate. 
Thus, each increment represents the product of 
volume and pressure for that sample interval, 
and the sum of these products equals the work. 
Results are returned by a separate telephone line 
to a teletype (Silent 700, Texas Instruments, Inc) 
near the patient's bedside. The duration of a 
single study, from the measurement of respira- 
tory variables to the printout of results, is usu- 
ally less than fifteen minutes, 

Arterial and mixed venous blood gases (Pao, 
and Pvo,) were measured by an Instrumentation 
Laboratories 213 blood gas analyzer. From these 
measurements, arterial and mixed venous 
oxygen contents and intrapulmonary shunt 
(Qs/’Qr) were calculated by the use of standard 
formulas. Cardiac output was determined by the 
thermodilution method, using a temperature 
sensor near the distal end of the pulmonary ar- 
tery catheter and a commercial bedside com- 
puter (Edwards Laboratories). Oxygen delivery 
was calculated as the product of cardiac output 
and arterial oxygen content. 

Each patient underwent measurement of res- 


70 The Annals of Thoracic Surgery Vol 24 No 1 July 


piratory mechanics, arterial and venous blood 
gases, and cardiac output, as well as calculation 
of arterial and venous oxygen contents, in- 
trapulmonary shunt, and oxygen delivery at 
baseline (0 cm HO PEEP) and at 5, 10, 15, and 20 
cm H:O PEEP following at least a twenty-minute 
equilibration at each level. The measurements of 
respiratory mechanics included total com- 
pliance of lung and chest wall, total work per 
minute, total work per liter, and total resistance 
(Ry). PEEP was applied by the use of an adjusta- 
ble magnetic valve; by changing the force of 
magnetic attraction that seated the valve, the 
amount of pressure required to open it could be 
varied. With this device, an accurate and con- 
stant PEEP could be applied. 

The study was discontinued in any patient 
who demonstrated a fall in cardiac output 
greater than 20% of the baseline value. In addi- 
tion, several patients became agitated at higher 
levels of PEEP, and in these patients no further 
PEEP was applied. Following the study, the data 
on each patient were carefully evaluated; in 
most instances a level of PEEP was selected as 
the most beneficial for the patient. The use of 
PEEP at this selected level was then used as a 
part of the patient’s respiratory support. 

To evaluate trends in response to the use of 
PEEP, arithmetic means of measurements at 
each level of PEEP were calculated. The paired 
t-test was used to compare data obtained at dif- 
fering levels of PEEP. The level of significance 
chosen for these differences was p < 0.05. 


1977 


Results 
Oxygenation and Oxygen Delivery 


Data pertinent to oxygenation and oxygen de- 
livery with the use of PEEP are presented in 
Table 2. Mean Pao, increased and Qs/Qr de- 
creased with each increment of PEEP. In only 1 
patient (No. 4) was the application of PEEP as- 
sociated with a fall in Pao, and a rise in Qg/Qr. If 
data from this patient are removed from the 
statistical analysis, the mean Pao, and Qs/Qy are 
significantly improved with each increment of 
PEEP. 
Cardiac output remained stable up to the level 
of 10 cm HO PEEP but declined at higher levels. 
The decrease in mean cardiac output assumed 
statistical significance only at the level of 20 cm 
H,O PEEP; however, in 2 patients a fall of 
greater than 20% of the baseline value was noted 
at 15 cm H,O PEEP. Changes in oxygen delivery 
paralleled the changes in cardiac output, as 
shown in Figure 1. As would be expected, the 
decrease in mean oxygen delivery was signifi- 
cant only when cardiac output was depressed at 


20 cm H,O PEEP. 
The changes in mean Pvo, during the course 


of the study were not statistically significant; 
however, in 1 patient the Pvo, fell from a 
baseline value of 43 torr to 34 torr at 20 cm H,O 
PEEP, and this fall was associated with a marked 
decrease in cardiac output. In all other patients 
the magnitude of the greatest fall in Pvo, was 
less than 5 torr, a fall which would be associated 


Table 2. Oxygenation and Oxygen Delivery with PEEP (mean + SEM for 9 studies) 


Level of 
PEEP Pao, ak PV, Cardiac Output Oxygen Delivery 
(cm H,O) (torr) QsQr (torr) (L/min) (ccimin) 
0 (base- 99 + 10 17.7 + 2.9 41 £1 7.4 + 0.5 1,079 + 45 
line) 
5 106 + 11° 15.2 + 2.1 40 1 7.5 + 0.6 1,097 + 27 
10 113 + 118 13.9 + 1.7 41 £2 7.3 £ 0.6 1,077 + 60 
15 121 + 138 12.1 + 1.54 41 +2 6.7 t 0.6 994 + 69 
20° 130 + 189° 10.7 + 1.59 40 +1 5.1 t 1.3% 708 + 119%% 


"Value significantly different from value at 0 cm H,O PEEP. 
ÞData at 20 cm H,O PEEP available from only six studies. 


“Value significantly different from prior (lower) level of PEEP. 


PEEP = positive end-expiratory pressure; SEM = standard error of the mean. 
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Fig 1. Oxygen delivery closely parallels cardiac 
output when PEEP is applied. This is expected when 
hemogiobin saturation is complete without PEEP; 
thus the effect of a fallin cardiac output on oxygen 
delivery is not offset by an increase in the oxygen 
carrying capacity of blood. (PEEP = positive 
end-expiratory pressure.) 


with a relatively large change in Cvo, because of 
the steepness of the oxygen dissociation curve at 
this level. The lack of statistically significant 
change in mean Pvo, for the whole group may 
not reflect the fact that significant changes oc- 
currec in individual patients. The lowest value 
for Pvp, encountered during the studies was 30 


Table 3. Respiratory Mechanics with PEEP (mean 


torr in a patient who had a Pvo, of 34 torr with- 
out PEEP. 


Respiratory Mechanics 


Table 3 outlines changes in mean values for res- 
piratory mechanics. Because some patients had 
irregular respiratory patterns at the level of 20 
cm H,O PEEP, only four studies of respiratory 
mechanics were obtained at this level. There- 
fore, the conclusions that can be drawn from the 
data at this level may not be as clear. Mean 
compliance increased with the application of 
PEEP; however, in each patient the compliance 
rose to a plateau at the level of 10 or 15 cm H,O 
PEEP and did not change further. This is re- 
flected in the mean values for compliance, which 
stabilized after the level of 10 cm H,O PEEP. The 
apparent 0.005 liter per cm H,O decrease in 
mean compliance at 20 cm H,O PEEP is not real; 
it is accounted for by the missing values being 
from patients with higher compliances at 15 cm 
H,O PEEP, since these were the patients who 
could not sustain a high end-expiratory pres- 
sure. Resistance decreased to a plateau at 10 or 15 
cm H,O PEEP in most patients. In the patients 
with the highest resistance at baseline (Ry > 10 
cm H,O/L/sec), however, resistance decreased 
progressively with each increment of PEEP. 
The mean values for the work required to ven- 
tilate the patients at 20 cm H,O PEEP were twice 
the mean baseline values. The work decreased 
with a rise in PEEP only in Patient 4, in whom 
the increase in PEEP from 5 to 10 cm H,O mark- 
edly lowered resistance, to overcome the greater 


+ SEM for 9 studies) 


Level of Total Total Total Work Total Work 
PEEP Compliance Resistance per Minute per Liter 

(cm H,O) (Licm H,O) (cm H,O/L/sec) (kg x m) (kg x m) 

0 (baseline) 0.046 + 0.004 10.6 + 1.7 2.19 + 0.53 0.17 + 0.02 
5 0.050 + 0.005 8.8 + 1.58 2.68 + 0.553 0.21 + 0.028 
10 0.054 + 0.005 6.7 + 1.12% 3.16 + 0.622» 0.24 + 0.022 
15 0.055 + 0.000 7.2 4 1.18 3.67 + 0.6238 0.28 + 0.023 
20° 0.050 + 0.0054 7.2 + 1.08 5.01 + 1.128 0.34 + 0.028 


*Value significantly different from value at 0 cm H,O PEEP. 


Value significantly different from prior (lower) level of PEEP. 


‘Data at 20 cm H,O PEEP available from only four studies. 


PEEP = positive end-expiratory pressure; SEM = standard error of the mean. 
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work resulting from PEEP. All other patients 
had progressive increases in both total work per 
minute and total work per liter with each incre- 
ment of PEEP. 


Comment 
Oxygenation and Oxygen Delivery 


PEEP increases functional residual capacity and 
recruits terminal air spaces for gas exchange [1, 
7, 10, 16]. This is the reason for increases in Pao, 
and decreases in Qs/Qr with PEEP. Over the 
range of PEEP levels studied, Pao, rose and 
Qs/Qr declined in most of our patients as the 
level of PEEP was increased. As found by others, 
however, if we had raised PEEP to higher levels, 
pulmonary blood flow might have been directed 
away from expanded alveoli, leading to a de- 
creased Pap, and increased Qs/Qy [13]. This ap- 
parently explains the failure in Patient 4 to in- 
crease Pag, with PEEP. 

Since most of our patients had nearly com- 
plete saturation of hemoglobin with oxygen be- 
fore PEEP was instituted, oxygen delivery was 
determined by cardiac output. Because cardiac 
output fell at high levels of PEEP, oxygen deliv- 
ery also fell. Lutch and Murray [11] noted a simi- 
lar relationship but concluded that tissue oxy- 
genation is unimpaired by PEEP because Pvo, 
remains unchanged. We also found no statisti- 
cally significant fall in Pvo, with PEEP, while 
there was a significant fallin cardiac output and 
thus in calculated oxygen consumption (Cvo, ), a 
finding that is in agreement with that of Powers 
and co-workers [13]. Since Cvo, was calculated 
from Pvo, in both our study and that of Powers, 
the position of the oxyhemoglobin dissociation 
curve or errors in measurement could be hiding 
significant changes in Cvo, . Other investigators 
have concluded that oxygen consumption re- 
mains unchanged despite decreases in oxygen 
delivery with PEEP [11, 16]. 


Compliance 


In these patients the combined compliance of 
the lungs and chest wall was measured, but it 
seems unlikely that low levels of PEEP change 
the compliance of the chest wall greatly [16]. 
Therefore, the increases in compliance that fol- 
lowed application of PEEP reflect improvement 
in the elasticity of the lungs. Our phasic method 
of measuring compliance correlates closely with 


dynamic compliance, calculated by dividing 
tidal volume by the change in transthoracic 
pressure at points of zero flow during the respi- 
ratory cycle [8]. 

This increase in compliance is explained by a 
change of position of the end-expiratory point 
of ventilation along the pressure/volume curve of 
the lung [15, 17]. Figure 2 illustrates the effect of 
PEEP on compliance in patients with respiratory 
failure. Without PEEP a tidal breath may have its 
origin at a point on the low, flat portion of the 
pressure/volume curve. When PEEP is applied, a 
breath of the same volume has its origin to the 
right of the baseline breath. Because the com- 
pliance curve increases in slope and becomes 
linear at its midportion, PEEP may cause an 
increase in compliance. Our patients had in- 
creases in compliance with low levels of PEEP 
and stabilization of compliance with the higher 
levels that we applied. This suggests that at 
these levels of PEEP the shift of end-expiratory 
point was sufficient to place the tidal ventilation 
in the steeper linear segment of the pressure/ 
volume curve. Others, who have noted a fall in 
compliance with high levels of PEEP, have 
suggested that a continued shift of the end- 
expiratory point may place the tidal ventilation 
on the flat position of the curve in the upper 
right [16]. With these high levels of PEEP, 
further recruitment of atelectatic alveoli may not 
occur while open alveoli have reached their limit 
of expansion. 


Resistance 


Our value for Ry includes resistances of the arti- 
ficial airway, lung airways, and the tissues of the 
lung and chest wall. We have examined the re- 
sistance of endotracheal tubes of the sizes used 
in this study and have found that there is a mild 
decrease in resistance with a decrease in flow, 
presumably due to decreased turbulence. Be- 
cause the MA-1 ventilator delivers lower flow 
rates with the application of PEEP, the lowered 
resistance of the endotracheal tube may account 
for a small part of the decrease in Ry that follows 
the application of PEEP. Tissue resistance would 
not be expected to change with the application 
of PEEP for short periods and should remain 
constant over the course of the present study. 
Our findings agree with those of others that the 
decrease in Ry that follows the use of PEEP re- 
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Fig 2. The effectof PEEP on compliance. Without 
PEEP, a breath begins at A, a point on the lower, flat 
portion of the pressurelvolume curve. The 
compliance of breath ABis the slope of the dashed 
line that passes through these points. With PEEP, the 
end-expiratory point (C) shifts to the right on the 
curve. Now compliance is equal to the slope of a line 
that passes through the points of zero flow (Cand D) 
for this breath. In this instance the slope of the linear 
portion of the pressurelvolume curve is the 
compliance for breath CD. With higher levels of 
end-exviratory pressure, a fallin compliance may be 
expected when the breath takes place onthe upper, 
flat portion of the pressurefvolume curve. (PEEP = 
positive end-expiratory pressure.) 


sults from a decrease in airway resistance [16]. 

Increased airway pressure produced by PEEP 
distends bronchi and bronchioles, whereas in- 
creased lung volume stretches the small elastic 
elements within the lung, and these elements 
also pull airways open. A fall in airway resis- 
tance with increased lung volume has pre- 
viously been demonstrated [5]. Further, there is 
radiological evidence of increased airway size in 
asthmatic patients breathing under conditions 
of positive pressure [4]. It is interesting to note 
that the maximum decrease in Ry in many pa- 
tients occurred at levels of 10 and 15 cm H,O 
PEEP, suggesting that airways were maximally 
dilatec by this amount of pressure. 


Work of Ventilating the Patient 


The progressive increase in the work of ventila- 
tion as PEEP is increased would be expected on 
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theoretical grounds and is confirmed by the pres- 
ent study. To calculate the work of ventilation, 
pressure and increment in volume must be 
measured at a frequency that assures that pres- 
sure and flow remain relatively constant between 
samples. We have found that sampling every 
twenty-fifth of a second meets this need. This 
method of calculation is illustrated in Figure 3. 
The distance between horizontal lines repre- 
sents the volume increment for each time inter- 
val, and the length of the lines represents the 
pressure at that time. The area between two 
lines represents the increment of work for that 
twenty-fifth of a second. Summation of these 
areas gives the value for the work of ventilation 
during the breath, represented in Figure 3 by the 
area ABCD. This work of ventilation includes 
components that arẹ a reflection of both elastic 
and resistive elements of the lungs. The un- 
shaded area represents elastic work or work to 
stretch the lung, and the shaded area represents 
resistive work, principally work to overcome 
airway resistance. 

When PEFP is applied, the absolute value for 
transthoracic pressure increases so that a breath 
now has its origin at point C when 5 cm H,O 
PEEP is applied and functional residual capacity 
is increased by 600 cc. The work of ventilation 
for this new breath (CEF) is calculated in the 
same manner, but because the initial pressure is 
higher with PEEP, the product of pressure and 
increment in volume is higher and the work of 
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Fig3. The work of ventilation with and without 
PEEP. Without PEEP the work of ventilation is equal 
to the area ABCD. With 5 cm H,O PEEP, work is 
increased ands equal to the area CEFGHD. The area 
CGHD is equal to the increment of work brought 
about by the use of PEEP. (See text for further 
explanation.) (PEEP = positive end-expiratory 
pressure.) 


ventilation is greater at the same tidal volume. 
The work of ventilation is now equivalent to the 
larger area CEFGHD. The magnitude of the work 
that is added by PEEP is represented by 
diagonal hatching in the illustration (area 
CGHD) and is equal to the value of the product of 
tidal volume and PEEP. This area increases as 
higher levels of PEEP are applied, and thus the 
work of ventilation continues to increase as 
PEEP increases. 

Figure 3 also shows that the use of PEEP does 
not simply add this increment of work to the 
work of ventilation without PEEP. This is be- 
cause an increase in compliance and a decrease 
in resistance tend to offset the increase in work 
of ventilation when PEEP is applied. The area 
CEF (the resistive work of ventilation with 
PEEP) is smaller than ABC, reflecting the de- 
crease in resistance with PEEP. Similarly, the 
area CFG is smaller than its analogous area ACD 
without PEEP because compliance has increased 


and line CF is steeper than line AC. If resistance 
and compliance were unchanged, PEEP would 
have caused larger increases in the work of ven- 
tilation. In 1 patient, the decrease in resistance 
between 5 and 10 cm H,O PEEP was large 
enough to offset completely the expected in- 
crease in work of breathing. Although the work 
of ventilation increased with all other incre- 
ments of PEEP in this patient, total work per 
minute and total work per liter were less at 10 
than at 5 cm H,O PEEP. This patient is an exam- 
ple of the complex effects of PEEP upon the work 
of breathing. 

Since our patients were mechanically venti- 
lated, increases in work were of little concern. 
This may not be the case for patients who are 
spontaneously ventilating with PEEP. These pa- 
tients must add the increased work of ventila- 
tion to an already elevated work in order to at- 
tain satisfactory gas exchange. Some patients 
may not be able to tolerate this increase. 

The use of continuous positive airway pres- 
sure (CPAP) obviates some of the problems en- 
countered with the use of PEEP in the patient 
who is breathing spontaneously. With this 
mode of ventilation, a constant flow of fresh gas 
is directed to the patient to maintain an elevated 
airway pressure. During inspiration this flow of 
gas actually provides a part of the force to do the © 
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work of breathing. A gas flow high enough to 
prevent airway pressure from falling below the 
selected level of PEEP will perform an amount of 
work equal to that which would be added by 
that level of PEEP. The patient has less work to 
do because increases in compliance and de- 
creases in resistance reduce the remaining work 
of ventilation (area CEFG). Careful adjustment 
of the incoming fresh gas is necessary to attain 
this benefit from CPAP, but because the area 
CEFG is smaller than the equivalent area (ABCD) 
without PEEP, it is possible to decrease the work 
of ventilation in the spontaneously breathing 
patient when CPAP is carefully applied. To 
document the magnitude of these decreases in 
work that may be achieved, we have subtracted 
the work increment added by PEEP (tidal vol- 
ume times end-expiratory pressure) from our 
values for total work of ventilation (Table 4). In 
this table, the apparent increase in mean work of 
ventilation at 20 cm H,O PEEP is deceptive, 
since values are missing from the patients with a 
low work at 15 cm HO PEEP. 


Clinical Considerations 


We have noted clinically that patients undergo- 
ing intermittent mandatory ventilation with 
end-expiratory pressure or CPAP may become 
agitated as the PEEP is applied or increased. Our 
demonstration that the work of ventilation in- 
creases with the use of PEEP provides an expla- 
nation for this phenomenon. This added work 
tires the patient and creates discomfort in the 


respiratory muscles. It is easy for anyone to ap- 
preciate this effect by breathing into an end- 
expiratory pressure apparatus; after a short time 
this type of ventilation becomes tiresome and 
uncomfortable even to a normal individual. In 
the past we tried to reduce the agitation of these 
patients with sedation or the use of intermittent 
positive-pressure ventilation. From the forego- 
ing discussion, however, it is obvious that an 
increase in fresh gas flow to the patient will 
reduce his work of breathing. By such adjust- 
ment of gas flow we are now able to deliver 
CPAP with any level of end-expiratory pressure 
to the patient who can spontaneously ventilate. 

The increase in compliance and the decrease 
in resistance with increasing levels of PEEP in 
our patients with acute respiratory insufficiency 
are of obvious benefit. The fall in resistance also 
suggests a possible therapeutic use of low levels 
of PEEP in patients with chronic obstructive 
lung disease or asthma. In these patients, PEEP 
may substitute for pursed-lip breathing or res- 
piratory retard. This conflicts with a previous 
statement that the use of PEEP was contraindi- 
cated in these patients because of their high 
functional residual capacity [1]. It has been 
demonstrated, however, that the use of 4 to 10 
cm H:O continuous positive-pressure breathing 
can have a beneficial effect on the patient with 
obstructive lung disease [3]. Wider clinical trials 
of the use of low levels of PEEP as therapy for 
patients with obstructive pulmonary disease is 
indicated. ° 


Table 4. Work of Ventilation with PEEP Minus the Increment of Work Added by PEEP 
(tidal volume times PEEP) (mean + SEM for 8 studies) 


Level of PEEP Total Work per Minute Total Work per Liter 
(cm H,0) (kg x m) (kg x m) 

0 (baseline) 2.19 + 0.53 0.17 + 0.02 

5 2.07 + 0.51 0.16 + 0.028 

10 1.85 + 0.478 0.13 + 0.028 

15 1.79 + 0.41? 0.13 + 0.02? 

20° 2.15 + 0.73 0.14 + 0.028 


"Value significantly different from value at baseline. 


"Data at 20 cm HO PEEP available from only four studies. 


PEEP = positive end-expiratory pressure; SEM = standard error of the mean. 
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In addition to considering the effects of PEEP 
upon respiratory mechanics, one must evaluate 
its effects upon pulmonary gas exchange and 
cardiac output. Suter and associates [16] defined 
a level of PEEP that was associated with maximal 
oxygen delivery, ie, the level that achieves an 
optimal product of arterial oxygen content and 
cardiac output. They termed this level “best 
PEEP” and found that it was also associated with 
highest total compliance. We did not find a close 
association between oxygen delivery and com- 
pliance in our patients, probably because most 
of our patients had fully saturated hemoglobin 
without PEEP. In such a patient group, any fall 
in cardiac output would result in reduced oxy- 
gen delivery. As PEEP was increased to 10 to 15 
cm H,O, cardiac output was little altered, while 
at 20cm H,O PEEP it did fall. Since patients with 
the higher compliances could not tolerate 20 cm 
H,O PEEP, it may well be that optimum PEEP 
had been reached at 15 cm H,O and that at 20 cm 
H,O their cardiac output and compliance would 
have faller, as found by others. 

An alternative approach to the use of PEEP 
might be to use the level of PEEP that is as- 
sociated with the lowest Qs/Qr without signifi- 
cant circulatory embarrassment. In general, this 
approach allows higher levels of PEEP than does 
the determination of best PEEP because small 
decreases in oxygen delivery may be permitted, 
particularly if Pvo, does not fall. The improve- 
ment in pulmonary function realized by this 
technique may be an advantage in some criti- 
cally ill patients. We often use this approach in 
our patients in respiratory failure and occasion- 
ally use circulatory volume loading to allow even 
higher levels of PEEP. It has been demonstrated 
that an increase in circulating volume may pro- 
tect against the fall in cardiac output that follows 
the use of PEEP [14]. Since PEEP can overexpand 
the lungs and prevent cardiac filling by com- 
pressing pulmonary capillaries, meticulous cir- 
culatory monitoring including repeated deter- 
minations of cardiac output is essential when 
PEEP is used at levels above 10 cm H,O. 
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CASE REPORTS 


Traumatic Aortic Rupture: 


An Additional Roentgenographic Sign 


Joseph B. Mcllduff, M.D., Eric D. Foster, M.D., 


and Ralph D. Alley, M.D. 


ABSTRACT Esophageal displacement to the right at 
the level of the aortic arch and isthmus, as marked by 
an opaque nasoesophageal tube on anteroposterior 
chest roentgenogram, is a useful sign in diagnosing 
traumatic aortic rupture. Finding this esophageal 
displacement in patients with blunt chest trauma 
warrants an immediate thoracic aortogram for dem- 
onstration of possible aortic injury. 


The esophagus slavishly follows the aortic con- 
tour at the level of the aortic arch and isthmus. 
Aortic rupture following blunt chest trauma 
most commonly occurs in this portion of the 
aorta, at or near the origin of the left subclavian 
artery. Aortic disruption produces a mediastinal 
hematoma that shifts the esophagus to the right. 
This esophageal displacement can be demon- 
strated on an anteroposterior chest roentgeno- 
gram with an opaque nasoesophageal tube. 

Three patients who had thoracic aortograms 
following blunt chest trauma are presented as 
examples of the esophageal location in sus- 
pected aortic rupture. 


Patient 1 

A 38-year-old man was admitted with multiple 
injuries sustained in an automobile accident. 
The,initial chest roentgenograms showed mild 
mediastinal widening and blurring of the aortic 
contour; however, the patient required an im- 
mediate exploratory laparotomy for control of 
hemorrhage from a ruptured spleen. A sub- 
sequent chest roentgenogram with a naso- 
esophageal tube in place demonstrated 
esophageal displacement to the right (Fig 1). 
Thoracic aortography confirmed a rupture in the 
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aortic isthmus (Fig 2), and a successful surgical 
repair was performed. 


Patient 2 


A 50-year-old man who had sustained blunt 
chest trauma was noted to have a wide medias- 
tinum and blurring of the aortic contour on an 
anteroposterior chest roentgenogram. How- 
ever, the opaque nasoesophageal tube was not 
displaced to the right (Fig 3). A normal aorta was 
found on thoracic aortogram (Fig 4). 


Patient 3 


An 18-year-old man suffered multiple injuries in 
an automobile accident. The anteroposterior 
chest roentgenogram showed a wide medias- 
tinum, blurring of the aortic contour, shift of the 
trachea to the right, elevation of the left 
hemidiaphragm, and opacification of the left 
chest apex with blurring of the medial aspect of 
the left upper lobe. The opaque nasoesophageal 
tube was displaced to the right at the level of the 
aortic arch and isthmus (Fig 5). Although a rup- 
tured aorta was strongly suspected, thoracic aor- 
tography revealed no aortic or arch vessel injury 
(Fig 6). This case represents the only false- 
positive example in our experience of 
esophageal displacement in a patient with sus- 
pected aortic rupture. The esophageal shift to 
the right seen in this patient may have been 
caused by the superior mediastinal hematoma 
resulting from fractures of the transverse process 
of the first thoracic vertebra and first rib on the 
left (see Fig 5). 


Comment 


Ina recent excellent review, Marsh and Sturm [1] 
listed six findings on anteroposterior chest 
roentgenogram that should raise the suspicion 
of aortic rupture in patients with blunt chest 
trauma. These are: (1) a wide mediastinum, 
greater than 8 cm at the aortic knob, on a 100 cm 
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Fig 1. (Patient 1.) Anteroposterior chest 
roentgenogram exhibiting esophageal displacement 
to the right as marked by the opaque nasogastric 
tube. A wide superior mediastinum, multiple left rib 
fractures, shift of the trachea to the right, and 
blurring of the aortic contour are additional findings 
suggesting aortic disruption. 


a 


Fig 3. (Patient 2.) Anteroposterior chest 
roentgenogram exhibiting lack of nasogastric tube 
displacement to the right. Mediastinal widening, loss 
of the aortic contour, and some displacement of the 
tracheal air column are seen. (Retouched.) 





Fig 2. (Patient 1.) Aortogram in the anteroposterior 
projection revealing extravasation of contrast 
material distal to the origin of the left subclavian 
artery. Note the wide separation between the aorta 
and the radiopaque nasogastric tube. 


Fig 4. (Patient 2.) Aortogram in the anteroposterior 
projection revealing no extravasation of contrast 
material. The opaque nasogastric tube is seen close to 
the aorta. (Retouched.) 
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Fig 5. (Patient 3.) Anteroposterior chest 
roentgenogram exhibiting nasogastric tube 
displacement to the right, a wide superior 
mediastinum, shift of the trachea to the right, 
blurring of the aortic contour, elevation of the left 
hemidiaphragm, and opacification of the medial 
aspect of the left upper lobe and apex. Fractures of 
the transverse process of the first thoracic vertebra 
and the first rib on the left can be seen. (Retouched.) 


anteroposterior supine chest roentgenogram; (2) 
tracheal shift to the right; (3) blurring of the 
sharp aortic contour; (4) obliteration of the me- 
dial aspect of the left upper lobe at the apex; (5) 
opacification of the space between the aorta and 
the left main pulmonary artery; and (6) depres- 
sion of the left main bronchus angle below 40 
degrees. Our experience confirms that these six 
findings are highly prognostic for aortic rup- 
ture; if one or more are present in a patient with 
blunt chest trauma, a thoracic aortogram is re- 





Fig 6. (Patient 3.) Aortogram in the anteroposterior 
projection revealing no extravasation of contrast 
material from the aorta or great vessels. Note the 
marked displacement of the radiopaque nasogastric 
tube from the thoracic aorta. 


quired. We suggest that an equally valuable 
seventh sign of aortic rupture is esophageal dis- 
placement to the right at the level of the aortic 
arch and isthmus, as marked on an an- 
teroposterior chest roentgenogram by the 
opaque nasoesophageal tube. 
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Acute Clonidine Withdrawal 
Syndrome Following Open-Heart Operation 


William I. Brenner, M.D., and Abraham N. Lieberman, M.D. 


ABSTRACT A patient who underwent cardiopul- 
monary bypass developed a syndrome of malignant 
hypertension with agitated delirium, unresponsive to 
antihypertensive agents, following abrupt with- 
drawal of clonidine. The literature on this syndrome 
is reviewed with emphasis placed on prompt recogni- 
tion. The syndrome can be reversed by resumption of 
clonidine administration and can be prevented by 
maintenance of clonidine levels through the 
perioperative period. 


Clonidine (Catapres) is an imidazoline deriva- 
tive with antihypertensive properties [3-7]. Be- 
cause of its effectiveness in patients with 
moderate or severe hypertension, the low dos- 
age (0.2 to 2.4 mg per day), and the relative 
absence of orthostatic hypotension, clonidine is 
being prescribed with increasing frequency. A 
syndrome of sharp rebound of blood pressure to 
pretreatment levels or higher, often in associa- 
tion with headache, nausea, vomiting, and men- 
tal changes (restlessness and agitation occasion- 
ally progressing to confusion and delirium), has 
been associated with the abrupt withdrawal 
of clonidine [2, 5]. Although the majority of 
patients taking clonidine do not develop 
these symptoms [8], potentially serious conse- 
quences, including death, have been attributed 
to it, and the increasingly wide use of the drug 
makes prompt recognition mandatory [6]. The 
syndrome usually appears in patients with 
moderate to severe hypertension who have been 
taking clonidine for several months and who 
omit more than one dose of the drug. Recently, 
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however, a patient developed the syndrome fol- 
lowing an orthopedic operation after only a 
single dose of clonidine was withheld [1]. We 
report a similar experience in a patient undergo- 
ing open-heart operation. 

A 59-year-old, right-handed, white woman 
was admitted to the New York University Hos- 
pital with a six-month history of increasing 
fatigue and dyspnea. She had had acute rheu- 
matic fever as a child and developed rheumatic 
heart disease (aortic regurgitation) with pro- 
gressive dyspnea on exertion and fatigue. Essen- 
tial hypertension was noted 10 years prior to 
admission. Blood pressure ranged between 
140—180/60—90 torr and had been treated with 
diuretics and reserpine. She had become 
fatigued and extremely depressed while on re- 
serpine, and seven months before admission 
she was changed to clonidine (0.1 mg twice 
daily). With clonidine she experienced an ex- 
treme sense of well-being and no fatigue. 
Clonidine was withdrawn one month after initi- 
ation, at the time of cardiac catheterization. 
After 24 hours without clonidine the patient be- 
came extremely fatigued and lethargic, and her 
blood pressure increased to 260/60 torr, a level 
not previously noted. Signs and symptoms 
promptly disappeared upon reinstitution of 
clonidine. In the past she had tolerated two une- 
ventful operative procedures (an appendectomy 
and a hysterectomy) under general anesthesia. 

Medication, in addition to clonidine, at the 
time of admission included furosemide (40 mg 
once daily), sodium levothyroxine (0.1 mg once 
daily), and digoxin (0.25 mg once daily). At ad- 
mission she was in no distress. Temperature, 
pulse, and respirations were normal. There was 
a grade 3/6 systolic ejection murmur at the aortic 
area and along the left sternal border radiating to 
the apex and to the carotid arteries, a grade 2/6 
early diastolic murmur at the aortic area, and a 
grade 2/6 short middiastolic rumble at the apex. 
Neurological examination revealed no abnor- 
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malities. Laboratory findings were within nor- 
mal range. The electrocardiogram showed left 
ventricular hypertrophy. 


Operation 

The last dose of clonidine was administered the 
night before operation. The patient underwent 
aortic valve replacement using cardiopulmonary 
bypass with coronary perfusion instituted at 
34°C. Total duration of cardiopulmonary bypass 
was 124 minutes; aortic cross-clamping lasted 97 
minutes. Anesthesia consisted of nitrous oxide, 
halothane, and pancuronium. Air was meticu- 
lously evacuated from the cardiac chambers, and 
the aortic root was vented. Arterial blood gases 
were measured every 15 to 20 minutes; arterial 
Po, ranged from 84 to 270 mm Hg. The lowest 
recorded hematocrit during hemodilution was 
18%, and this was only transient. Free plasma 
hemoglobin at the conclusion of bypass meas- 
ured 160 mg/100 ml. 

Arterial blood pressure measured by direct 
femoral artery cannulation was 180/80 torr on 
arrival in the operating room. Blood pressure 
peaked to 220/100 torr during induction of anes- 
thesia and fell to 160/80 torr prior to cardiopul- 
monary bypass. The nonpulsatile mean arterial 
blood pressure rose from 60 torr at the beginning 
to 100 torr at the termination of bypass. At this 
point a sodium nitroprusside infusion was 
begun at 25 ug per minute to control hyperten- 
sion. The infusion was discontinued for a few 
minutes while the patient was moved from the 
operating room to the recovery room. Blood 
pressure at this time was 130/80 torr. On arrival 
in the recovery room the blood pressure was 
noted to be 280/140 torr. The sodium nitroprus- 
side drip was reinstituted with a range of 25 to 
200 wg per minute. 

During the next 36 hours the patient ran ele- 
vated blood pressures (range, 150/90 to 200/110 
torr) despite administration of sodium nitro- 
prusside, diazoxide, hydralazine, and alpha 
methyldopa. At neurological examination she 
was agitated, delirious, and had to be re- 
strained. Pupils were regular and reactive. There 
was a left hemiparesis. Plantar responses were 
flexor. Complete blood count, electrolytes, 
blood urea nitrogen, calcium, magnesium, arte- 
rial blood gases, and urinalysis were normal. 


The possibility that the hypertension and al- 
tered mental status were secondary to clonidine 
withdrawal was considered, and clonidine was 
restarted. Within 12 hours blood pressure re- 
turned to normal and there was a dramatic rever- 
sal of the patient’s mental status. She became 
coherent and rational and had no memory of the 
preceding events. Visual fields were full and 
fundi were normal. There was a mild left 
hemiparesis. Sensory examination was normal. 
Twenty-four hours later the left hemiparesis had 
completely resolved. 


Comment 


It is postulated that the syndrome of malignant 
hypertension and agitated delirium observed in 
this patient was secondary to abrupt withdrawal 
of clonidine. The left hemiparesis apparently 
represented focal ischemia secondary to the 
hypertension. This hypothesis is supported by 
the occurrence of a similar syndrome when 
clonidine was withdrawn in the past, by the 
rapid reversal of the syndrome upon restarting 
clonidine, and by the relatively uneventful op- 
eration and anesthesia. Previously the syn- 
drome did not appear until after two doses of 
clonidine had been missed. Its more rapid ap- 
pearance in this patient after open-heart opera- 
tion may have been related to the use of car- 
diopulmonary bypass. Clonidine has a short 
half-life (12 to 24 hours) and is rapidly cleared 
from the body. This clearing may have been 
hastened by the hemodilution induced by 
bypass. The appearance of the syndrome after 
missing only one dose of clonidine has been 
reported [1]. The appearance of mental changes 
usually attributed to catecholamine depletion 
(lethargy) was noted the first time clonidine was 
withdrawn, while mental changes usually at- 
tributed to catecholamine excess (agitation) 
were noted the second time. Clonidine with- 
drawal may have a bipolar effect, with the initial 
mental changes being those of catecholamine 
depletion and the later ones being those of 
catecholamine excess. Thus the initial difficulty 
in arousing the patient during the second 
episode of clonidine withdrawal may have cor- 
responded to catecholamine depletion. 
Physicians should be aware of this with- 
drawal syndrome when a patient receiving 
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clonidine is operated on. Proper therapy con- 
sists of restarting clonidine and then, if there is 
not prompt resolution, instituting beta- 
adrenergic blocking agents (propranolol) and 
alpha-adrenergic blocking agents (phen- 
tolamine or phenoxybenzamine) [2, 8]. 
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Primary Pulmonary Sporotrichosis 


Elliott Michelson, M.D. 


ABSTRACT A patient with primary pulmonary 
sporotrichosis with infiltration and cavitation is re- 
ported. Treatment for one year with potassium iodide 
resulted in marked resolution of the inflammatory 
lesions but persistent cavitation and fungal infection. 
Cure followed bisegmental lung resection with no 
recurrence during eight-year follow-up. Excellent re- 
sults are reported in 10 patients treated by resection 
despite less then optimal preoperative iodide 
therapy. Surgical treatment of primary sporotrichosis 
with cavitation is indicated and should be unattended 
by complications or recurrence. 


Sporotrichosis affects primarily the skin and 
subcutaneous tissues by direct inoculation. 
Primary sporotrichosis of the lung is rare (12 
reported cases prior to 1962, and 9 in the next 
decade). The present case of primary pulmonary 
sporotrichosis is of interest because lung biop- 
sies before and after one year of potassium 
iodide therapy are reported as well as an eight- 
year follow-up after surgical resection. 


A 38-year-old black man was admitted to Sinai 
Hospital on March 18, 1965, because of severe 
fatigue, a 7.7 kg weight loss in two months, 
low-grade fever, and roentgenological evidence 
of an infiltrative lesion in the left upper lung 
field. His past and family history were not re- 
markable. He was born and lived in Baltimore, 
had never had a pet, and had worked as a postal 
employee, sorting letters for more than fifteen 
years. 

On examination he appeared well developed 
and in no acute distress although suffering from 
obvious weight loss. Lungs were clear except for 
occasional fine rales in the left infrascapular 
area. He raised no sputum, and repeated gastric 
washings failed to show acid-fast organisms. 
Tuberculin skin test was negative. Broncho- 
scopic examination was not remarkable, but cul- 
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tures of the bronchial washings after six weeks 
yielded Sporothrix schenckti. These washings, 
inoculated in a mouse, showed the typical 
banded, cigar-shaped forms. Lymph nodes re- 
moved at mediastinoscopy revealed chronic 
lymphadenitis. Roentgenograms of the chest 
showed left upper lobe infiltration (Fig 1), and 
laminagrams revealed cavitation in the anterior 
segment of the upper and superior segment of 
the lower lobes (Fig 2). 

On March 29, a left thoracotomy was per- 
formed. There were areas of induration in- 
terspersed with fine emphysematous blebs over 
the anterior segment of the upper lobe and a 
greater part of the lower lobe. The lung biopsy 
was firm, reddish pink, and coarsely granular. 
Frozen-section examination revealed the lesion 
to be a granuloma, and permanent sections 
showed a chronic inflammatory process with 
numerous necrotizing and nonnecrotizing 
tuberculoid granulomas. Most of the gran- 
ulomas had a central area of necrosis sur- 
rounded by inflammatory cells and epithelioid 
and multinucleated Langhans type giant cells. 
Stains for bacteria and acid-fast organisms were 
negative, but a modified periodic acid—Schiff 
(PAS) stain revealed the presence of S. schenckii 
organisms in the necrotic granulomatous mate- 
rial. Cultures of the lung tissue revealed neither 
yeast nor fungi. The patient’s postoperative 
course was uneventful, and he was discharged 
on April 21, 1965. 

Potassium iodide therapy (saturated solution 
of KI, 40 drops four times daily) was begun post- 
operatively and was continued for one year. 
Monthly chest roentgenograms showed gradual 
clearing of the upper and lower lobe infiltrates, 
but cavitation persisted. His condition was re- 
markably stable, although he failed to gain 
weight. Bronchoscopic examination following 
admission on March 23, 1966 was unremarkable, 
but washings were positive for S. schenckii. 
Roentgenograms of the chest and laminagrams 
(Fig 3) showed marked decrease in the infiltra- 
tion of both upper and lower lobes; cavitation 
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Fig 1. Pretreatment roentgenograms showing 
infiltration of the left upper lobe (A) with cavitation 
in the superior segment of the left lower lobe (B). 





Fig 2. Tomogram showing cavitation with Fig 3. After one year of potassium iodide therapy 
surrounding infiltration of anterior segment of left there is a marked decrease in infiltration, with 
upper lobe. residual thin-walled cavity. 
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was still present in the posterior segment of the 
upper and the superior segment of the lower 
lobes. 

On April 4, 1966, the posterior segment of the 
left upper lobe and the superior segment of the 
left lower lobe were resected. The lung was 
found to have changed remarkably; the pre- 
viously noted induration and nodularity in- 
terspersed with emphysematous blebs were no 
longer present, and aside from dense adhesions 
binding the lung to the chest wall, the lung was 
elastic and soft with only fine nodules noted 
within the depth of the lung surrounding the 
cavitary areas. On section, a cavity measuring 2 
x 1cm was found; the inner lining was irregular 
and covered with yellow necrotic material, and 
the surrounding lung parenchyma was replete 
with areas of induration, fibrosis, and very small 
granulomatous nodules. On microscopical ex- 
amination large, fairly well circumscribed areas 
of caseous necrosis were found to be surrounded 
by epitheloid cells, few Langhans’ giant cells, 
and a thick, fibrous capsule. Using a modified 
PAS stain, numerous sporothrix organisms were 
demonstrated within the area of caseous necro- 
sis and the wall of the cavity. Sections of a left 
bronchial lymph node showed noncaseating 
tuberculoid granulomas. Cultures of the bron- 
chial washings prior to and since discharge have 
grown no fungi. The patient returned to work 
after four weeks and has remained well. At his 
last examination, eight years later (November, 
1975), chest roentgenograms showed clear lung 
fields. 


Comment 

Sporothrix schenckii infection usually affects the 
skin, producing polymorphous lesions over the 
arms, legs, and face; rarely, generalized dis- 
semination may occur. In 1809 Link [6] first de- 
scribed Sporotrichum as a saprophyte. The infec- 
tion has been found throughout the world, but 
in the United States the majority of cases have 
been noted in the north-central part of the coun- 
try. The saprophyte is found in the soil, in wild 
and cultivated plants and vegetables, and in 
wild and domesticated animals. Transmission to 
man usually occurs through a break in the skin 
[11], but the organism may penetrate intact mu- 
cosa. The disease occurs commonly among 


farmers and in nursery personnel who handle 
sphagnum moss [2]. In the United States the 
most common lesion is a localized skin eruption 
that starts as a simple ulcer and develops cir- 
cumscribed, painless subcutaneous nodules 
along the course of superficial lymphatic vessels. 
The extracutaneous type is uncommon and may 
involve mucous membranes, muscle, bone, eye, 
or viscera. 

Primary pulmonary sporotrichosis without 
evidence of lymphocutaneous involvement is a 
rare disease. The mode of infection is unknown, 
but the presence of chronic alcoholism in 6 of 15 
reported cases [3, 7, 9, 15] suggests bronchial 
aspiration as a likely cause. The initial symp- 
toms are few, and the onset is usually vague and 
insidious. There may be a history of bronchitis 
or pneumonitis followed by a period of cough, 
low-grade fever, weight loss, and malaise. Chest 
roentgenograms usually show chronic pneu- 
monitis with fibrosis and cavitation. Hilar 
adenopathy may be marked, but it usually does 
not lead to atelectasis. The cavities may be thin 
walled, irregular, and surrounded by nodular 
densities. 

Diagnosis is made primarily by sputum cul- 
ture. In the patient reported here S. schenckii was 
identified first in the bronchial washings and 
remained present until the cavitary lesions were 
resected. The fungus is difficult to identify in 
tissue and is often disregarded when found in 
the sputum. Intraperitoneal inoculation of a 
mouse with a suspension of the fungus isolated 
from the patient produces chronic granuloma- 
tous peritonitis with multiple necrotizing 
granulomas containing the sporothrix or- 
ganism. Skin tests using fractions of S. schenckii 
antigen are of diagnostic value providing the 
antigen is sufficiently potent. Because severe 
reactions are sometimes noted following skin 
testing while the patient is under treatment with 
potassium iodide, this test should not be per- 
formed until drug therapy is discontinued. 
Potassium iodide is ineffective in the treatment 
of pulmonary sporotrichosis and was not cura- 
tive in this case, although it did produce clearing 
of acute inflammatory reaction and perigran- 
ulomatous fibrosis. Our experience confirms 
the experimental data of Davis [5] that potas- 
sium iodide has no direct effect on the life of the 
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fungus, but does produce marked increase in 
connective tissue about the walls of the necrotic 
areas containing the organisms. Generally, 
other antifungal agents such as 2-hydroxy- 
stilbamidine, amphotericin B, and griseofulvin 
have not been successful. If cavitation persists 
after adequate therapy, surgical resection is 
indicated. 

It is important to note that in the small group 
of reported resected cases [1, 3, 8, 9, 11, 13-15] 
operation was followed by excellent results in 8, 
reactivation with associated tuberculosis in 1, 
and postoperative death due to technical rather 
than specific inflammatory reasons in 1. Seg- 
mental resections as well as lobectomies have 
been performed with minimal coverage by anti- 
fungal agents with surprising absence of in- 
complete healing or postoperative complica- 
tions. The marked improvement of the lung 
under potassium iodide therapy noted in our 
patient, despite the inability to close the cavity, 
suggests that iodides should be used for a long 
period prior to resection when infiltrative le- 
sions are predominant in roentgenograms. 
When iodide cannot be used because of toxicity, 
resection of the lobe should be unattended by 
complications. 
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Another opening 
for staph? 


ostoperative surgical infections 

alve replacement: a procedure that can at 

nce sustain life and predispose to infection. 
Ithough identification of the infectious 
rganism may be difficult, a delay in treatment 
ould result in invasion of the endocardium. 

he implicated organism may be a penicillinase- 
roducing staph. Progression can be swift 

nd devastating. 


itial antistaph therapy: injection 

'’s vitally important that effective treatment of 
acterial invasion begin as soon as possible. 
you suspect the presence of staph and must 
egin therapy before definitive culture results 


re known, Injection Unipen® (nafcillin sodium) +t 


is a particularly suitable agent. 


Appropriate specimens for bacteriologic 
studies to determine the causative organisms 
and their susceptibility to nafcillin should be 
taken prior to the first dose of antibiotic.t And, if 
those studies subsequently implicate organisms other 
than penicillinase-producing staphylococci sensitive 
to nafcillin, discontinue it and administer the appro- 
priate antibiotic. 


Rapid penetration 

Unipen appears rapidly in plasma following 
intramuscular administration. Penetrates body tissues 
in high concentrations and diffuses well into pleural, 
pericardial and synovial fluids 





“On call” capability 
Reconstitutes in less than 60 seconds. Remains 
stable for 24 hours. 


Follow-up therapy: oral 

Unipen (nafcillin sodium) is available in tablets, 
capsules, and oral solution as well as the parenteral 
form. The injectable form should be used initially 

in severe infections. And as soon as the clinical 
condition warrants, oral forms of Unipen allow you 
to continue antistaph therapy with the same anti- 
biotic in a form more convenient to patients. 


*Nafcillin-susceptible penicillinase-producing staphylococci. 
+See Important Note on next page. 
#See important information under Parenteral Administra- 


INJECTION AND ORAL 


UNIPEN 


(nafcillin sodium) 


as the monohydrate, buffered, Wyeth 
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Unipen 
(nafcillin sodium) 


AS THE MONOHYDRATE, BUFFERED,WYETH 


Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
“susceptible” indicates that the infecting organism is likely to 
respond to therapy. A report of “resistant” indicates that the infect- 
ing organism is not likely to respond to therapy. A report of “‘inter- 
mediate susceptibility” suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am, J. Clin. Pathol., 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 

Indications: Although the principal indication for nafcillin sodium 
is in the treatment of infections due to penicillinase-producing 
staphylococci, it may be used to initiate therapy in such patients in 
whom a staphylococcal infection is suspected. (See Important 
Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to nafcillin sodium should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of nafcillin sodium should take into consideration the fact 
that it has been shown to be effective only in the treatment of infec- 
tions caused by pneumococci, Group A beta-hemolytic streptococci 
and penicillin G-resistant and penicillin G-sensitive staphylococci. 
If the bacteriology report later indicates the infection is due to an 
organism other than a penicillin G-resistant staphylococcus sensitive 
to nafcillin sodium, the physician is advised to continue therapy with 
a drug other than nafcillin sodium or any other penicillinase- 
resistant semi-synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of nafcillin sodium against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to nafcillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more likely to react adversely. 

The few reactions associated with the intramuscular use of nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: It is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on nafcillin sodium at concentrations of 2 mg/ml 
and 30 mg/ml in the following intravenous solutions indicate the 
drug will lose less than 10% activity at room temperature (70° F.) 
during the time period stipulated : 

Isotonic sodium chloride 
5% dextrose in water 
5% dextrose in 0.4% 
sodium chloride solution,............0. 0.00 c cece eee 24 hours 


ee 24 hours 
P, 24 hours 


RINGGRSSOWIGNES er a a a a 24 hours 
M/6 sodium lactate solution 
EAE E E EA E weah E ARR 24 hours 


Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen® (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nafcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
7 days or keep at room temperature (25° C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral nafcillin sodium. 

After mixing, the oral solution must be stored in a refrigerator. 

Discard any unused portion after one week. 
Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg., 
1 gram, and 2 gram nafcillin sodium as the monohydrate, buffered. 
When reconstituted as recommended, the contents of each vial pro- 
vide, respectively, 2-, 4- or 8-ml. of nafcillin sodium solution 
equivalent per m/. to 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Film-coated TABLETS—containing nafcillin sodium as the 
monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
carbonate. CAPSULES—containing nafcillin sodium, as the mono- 
hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
bonate. FOR ORAL SOLUTION—Bottle of dry nafcillin sodium as 
monohydrate—powder for reconstitution to provide 100 ml. of 
solution containing nafcillin sodium equivalent to 250 mg. nafcillin 
per 5 ml. 
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HOW TO DO IT 


Subclavian Subtleties 
Christopher C. Baker, M.D. 


ABSTRACT Several helpful technical features are 
presented that reduce the morbidity associated with 
subclavian vein catheterization. These techniques in- 
clude percutaneous insertion through an indwelling 
catheter, repositioning the catheter without a second 
puncture, and securing the catheter without kinking 
or dislodgment. Use of these techniques will spare 
the patient the risks attendant to multiple subclavian 
punctures. 


With the advent of hyperalimentation, use of the 
subclavian vein as an intravenous conduit has 
become widespread, and the technique is well 
described in the literature [1-3]. A review of 
several fine points pertinent to this technique 
may be helpful. 


Repositioning the Catheter 


Inadvertent cannulation of the internal jugular 
vein (Fig 1A) is acommonly encountered prob- 
lem. After malposition is diagnosed on chest 
roentgenogram, the catheter is often removed 
and a second attempt on the ipsilateral or con- 
tralateral side is made. However, the catheter 
may be repositioned using a technique that has 
been successful on numerous occasions. 

Using sterile technique, the sutures holding 
the catheter are cut and a 10 cc syringe is at- 
tached to the catheter hub. While gentle suction 
is maintained on the syringe, the catheter is 
slowly withdrawn approximately 10 to 12 cm 
into the subclavian vein proper (Fig 1B). At this 
point, the patient should perform a Valsalva 
maneuver in the Trendelenburg position so as 
to distend the subclavian vein as much as possi- 
ble. Then, as the catheter is advanced with one 
hand, the plunger of the syringe is depressed 
with the other so as to force blood into the sub- 
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clavian vein, further distending it (Fig 1C). The 
use of the syringe is crucial, both to prevent air 
embolus from an open-ended catheter and also 
to allow one to determine by aspiration that the 
catheter is still in a central vein. If this method is 
successful, it spares the patient the discomfort 
and attendant risks of subsequent subclavian 
punctures; if unsuccessful, little time has been 
lost. 


Securing the Catheter 


In securing the catheter many operators place 
one suture around the catheter at the skin en- 
trance site and another where the catheter enters 
the needle hub (Fig 2). One difficulty with this 
technique is that the suture at the entrance site is 
often tied loosely so as not to occlude the cathe- 
ter lumen; but patient movement and staff ma- 
nipulation may cause the catheter to back out, 
allowing it to kink or become completely dis- 
lodged. This method may be modified by keep- 
ing the arms of the suture long when tying the 
catheter at the skin entrance. The distal end of 
the same suture is then tied at the point where 
the catheter enters the needle hub. Thus the 
catheter is held in place by both the anchoring 
stitch and traction from the needle hub. The hub 
is then sutured to the chest wall, providing 
three-way stabilization. 


Percutaneous Insertion of Swan-Ganz Catheter 


Finally, mention should be made. of the ease 
with which the subclavian or internal jugular 
vein may be used for placement of a pulmonary 
artery (Swan-Ganz) catheter. Using the Seldin- 
ger technique [5] by way of either an indwell- 
ing catheter or percutaneous puncture with a 
14-gauge needle, a guide wire is inserted into 
the central vein and an 8F introducer* is passed 


*A UNI introducer set includes a flexible guide wire, a stiff 
black cannula with a pointed tip which allows cannulation of 
the vein, and an 8F rigid plastic catheter (introducer), which 
can be threaded over the cannula into the vein. The guide 
wire and cannula are then removed, and the Swan-Ganz 
catheter is threaded through the introducer into the vein. 
When the catheter is in the correct position the introducer is 
withdrawn and left outside the body. 
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Fig 1. Repositioning the catheter: (A) the catheter is 
incorrectly positioned in the internal jugular vein; (B) 
the catheter is being withdrawn while blood is 

aspirated into a syringe; (C) the catheter is being 
advanced while the plunger of the syringe is 

depressed. 


over the guide wire. With the introducer in 
place, a 7F Swan-Ganz catheter can usually be 
directed into the pulmonary artery with relative 
ease under pressure or fluoroscopic control. This 
technique is particularly valuable in a critically 
ill patient who already has a central venous 
catheter in place, for it obviates the need for a 
time-consuming cutdown and requires no in- 
struments other than the introducer set. 


Comment 

Several difficulties may occur with these tech- 
niques. When one is repositioning the subcla- 
vian catheter, it is possible to repeat the inadver- 
tent cannulation of the internal jugular vein. 
This pitfall commonly occurs in older patients or 


in patients who have had chest irradiation or an 
operation that has altered the anatomy. By hav- 
ing the patient turn his head to the ipsilateral 
side, the angle of the subclavian—internal jugu- 
lar junction may be changed, thus avoiding 
malposition. Occasionally the malposition may 
be felt by the experienced operator, who can 
make a second attempt to reposition the catheter 
at once before a second chest roentgenogram is 
taken. Another difficulty is that the catheter may 
be pulled back too far so that it comes completely 
out of the vein. Usually this is apparent im- 
mediately because blood cannot be aspirated 
from the catheter. In this instance the patient 
will have to undergo a second puncture, but 
nothing has been lost from the repositioning 
attempt. Finally, it should be noted that the 
technique described for placing a triple-lumen 
Swan-Ganz catheter may not be optimal in small 
adults or pediatric patients. The reason for this 
is that the proximal central venous pressure 
monitoring port, which is 30 cm proximal to the 
catheter tip, may become extracorporeal, thus 
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Fig 2. (A) The standard method of suturing with two 
separate sutures. The technique shown in B may cause 
the catheter to back out, kink, or both when secured in 
this fashion. C indicates the method described in the 
text by which three-way stabilization is obtained. 


making central venous pressure measurements 
and cardiac output determinations impossible. 

The technical details mentioned are all de- 
signed to utilize the central venous catheter to its 
fullest, to prevent dislodgment, and to minimize 
the number of subclavian punctures to which a 
patient is subjected [4]. Despite the favorable 
experience that has now been acquired with 
subclavian catheterization, the procedure 
should still be viewed as potentially dangerous 
and should be performed carefully under ex- 
perienced supervision. 
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Coronary Artery 


Surgery without Global Ischemia 


Donald C. Mullen, M.D., Derward Lepley, Jr., M.D., 


and Robert J. Flemma, M.D. 


ABSTRACT A simple technique for local occlusion 
of the coronary artery without aortic cross-clamping 
during the distal anastomosis has been developed. 
The use of this internal coronary artery occluder, 
which we developed, represents another step for- 
ward in myocardial protection during coronary 
bypass procedures. 


Many different methods are used for myocardial 
protection during coronary artery bypass 
surgery. Most current methods require aortic 
cross-clamping with or without hypothermia or 
cardioplegic agents. It is generally agreed, how- 
ever, that the best method of myocardial protec- 
tion is natural perfusion of the myocardium 
without cross-clamping the aorta. Various coro- 
nary artery snares, clamps, and occluders have 
been used to accomplish the anastomosis in a 
dry field, but each of these methods carries the 
risk of not only injuring the artery but causing 
angulation of the vessel by dissecting it from its 
natural bed. 

The simple technique presented here has 
been developed so that all distal anastomoses 
can be quickly and efficiently accomplished 
without aortic cross-clamping, thereby allowing 
the myocardium to be perfused throughout the 
procedure. Internal coronary occluders* made of 
Silastic and shaped like a T-tube with bulb tips 
(Fig 1) are used to occlude the individual coro- 
nary artery bidirectionally during the anas- 
tomosis (Fig 2). 

The occluders vary in size from 1.5 to 3 mm. 
They are soft and malleable, can be removed 
easily just prior to placing the last two stitches in 
the anastomoses, and obviate the use of snares 
or other potentially damaging apparatus. 
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After the patient is cannulated and the prox- 
imal anastomoses have been accomplished, the 
left ventricle is vented through the right 
superior pulmonary vein, cardiopulmonary 
bypass is started, and the patient is cooled to 
30°C. No caval tapes are used. The points of the 
distal anastomoses are exposed by dissecting 
the epicardium from the coronary artery with a 
No. 15 blade. The vessel is opened with either a 
No. 11 blade or a hook knife. With the first 
assistant occluding the vessel proximally by 
gentle external pressure on the artery, the ar- 
teriotomy is extended with scissors. The vessel 
diameter is then determined with graduated 
metal probes, the proper size of Silastic internal 
occluder is chosen, and the proximal and distal 
bulbs are inserted into the vessel. Unless there 
are perforating vessels between the bulbs 
(which are 17 mm apart), bleeding from the ves- 
sel is completely controlled so that the anas- 
tomoses can be accomplished easily in a blood- 
less field with the remainder of the heart being 
perfused. The anastomoses are also made easier 
because the occluder separates the walls of the 
coronary artery. Many times it is possible to 
allow the heart to continue to beat throughout 
the procedure, but if this becomes awkward the 
heart is electrically fibrillated. Just prior to 
placement of the last two stitches the occluder is 
easily removed, and external pressure is again 
used on the proximal vessel to accomplish the 
last stitch or two. 

We have utilized this method in more than 100 
coronary bypass procedures and have been im- 
pressed with the ease of removing these patients 
from bypass and the smooth postoperative re- 
covery, almost always without vasopressors. 
There have been no complications from the use 
of the occluder, no deaths, and only two 
perioperative infarcts. With these favorable re- 
sults we believe we have moved another step 
forward in myocardial protection during coro- 


nary bypass surgery. 
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Fig 2. Internal coronary artery occluder. 





Fig 1. The 2.75 mm (width of the bulb tips) T-shaped 
internal coronary artery occluder. Sizes range from 
1.5 to 3.0 mm, in 0.25 mm increments, 


Pledget- and Patch-Holding 
Clamp: A New Instrument 


Frederick J. Merchant, M.D., and Sidney Levitsky, M.D. 


ABSTRACT A new clamp designed to facilitate the 
handling and placement of various shapes and sizes 
of cardiac patching materials is described. 


The necessity for using tailored cloth patches 
and small cloth pledgets has been well estab- 
lished in cardiovascular surgery. These cloth 
materials are usually made of Teflon, Dacron, or 
other polyester synthetics, which are supplied 
either in sheets to be cut by the surgeon to fit 
irregular areas or as precut and threaded 
pledgets for closing cardiotomy incisions in the 
sometimes friable myocardium. The soft consis- 
tency of these cloth materials, along with their 
irregular shapes and small sizes, often presentsa Fig 1. Clamp with typical patching material. 
problem in maintaining a steady position inside 
the heart, and the materials are difficult to 
thread with small needles for patching pur- 
poses. 

A pledget clamp has been designed to supply 
the proper amount of grasping area so that cloth 
patching or pledget material of nearly any size or 
shape can be easily and conveniently held in 
place. The instrument is a modified Duval lung 
clamp (Figs 1, 2). The gently curved Y end pro- 
vides an ideal nontraumatic extension of the 
fingers. The built-in soft tension of the Duval 
handles gives complete control over placing the 
patching or pledget material and holding it fast. 

The original instrument was fashioned in the 
University of Illinois instrument shop, and we Fig 2. Close-up of Y curved grasping end. 
acknowledge their cooperation and assistance. 
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CORRESPONDENCE 


Management of Spontaneous Pneumothorax 


To the Editor: 


In the paper “Outpatient Management of Intercostal 
Tube Drainage in Spontaneous Pneumothorax” by C. 
Mercier, M.D., and associates (Ann Thorac Surg 
22:163, 1976), the authors report successful manage- 
ment on an outpatient basis by observation and inter- 
costal tube drainage with a flutter valve. 

Any discussion of spontaneous pneumothorax 
must take into consideration the underlying disease. 
In practice, patients who have spontaneous 
pneumothorax can be largely divided into two clinical 
groups. In the first group the underlying lesion is a 
subpleural apical bleb. These patients are generally 
younger, have excellent pulmonary reserve, and or- 
dinarily have minimal symptoms. Outpatient man- 
agement by observation and intercostal tube drainage 
with a flutter valve is frequently successful in this 
group. The authors did not mention the underlying 
disease in their patients. However, I conclude that 
most of them belong within this category, as judged 
by the mean age of 29 years and the successful results 
achieved by this simple form of treatment. 

It is the second group of patients that draws my 
attention. These individuals have chronic obstructive 
lung disease and are generally older, with poor respi- 
ratory reserve; the cause of pneumothorax frequently 
is rupture of an underlying emphysematous bleb. 
When first seen these patients are acutely ill, with 
tachypnea, cyanosis, and varying degrees of respi- 
ratory acidosis, even with a small amount of 
pneumothorax. The clinical result with the institution 
of intercostal tube drainage is often dramatic, and 
patients require continued hospitalization for vigor- 
ous tracheobronchial toilet because of retained se- 
cretions in the collapsed lung. Outpatient manage- 
ment, either by observation or by intercostal tube 
drainage, generally is inapplicable and perhaps inad- 
visable in this category of patients. 


J. P. Reddy, F.R.C.S. 


Palo Pinto General Hospital 
208 NW Second St 
Mineral Wells, TX 76067 


Reply 
To the Editor: 
The point about the two clinical groups of patients 
with spontaneous pneumothorax is well taken, and 
we thank Dr. Reddy for bringing it up. There is no 
question that an acutely ill patient with tachypnea, 
cyanosis, and respiratory acidosis requires hospital- 
ization. These patients are always treated in a hospi- 
tal, but they are rare in our experience. 

Of the 8 patients 60 years of age or more mentioned 
in our series, only 1 was hospitalized. Of the 10 pa- 
tients between the ages of 50 and 60, 3 were hos- 
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pitalized and 2 of them required operation. Among 
the 15 patients between 40 and 50 years of age, again 3 
were hospitalized and 2 required operation. Con- 
sequently, even in the older age group in our series, 
the majority of patients were treated as outpatients. 


Claude Mercier, M.D. 


Polyclinique de Montréal 
12245, rue Grenet, Suite 303 
Montreal, Que, Canada H4J 2]6 


DeBakey-Surgitool Aortic Prosthetic Valve 


To the Editor: 


In their article “Experience with the DeBakey- 
Surgitool Aortic Prosthetic Valve” (Ann Thorac Surg 
21:483, 1976), Scott and his associates demonstrate, 
with the help of a series of operations on 37 patients, 
the advantages and long-term reliability of the De- 
Bakey ball-valve prosthesis. 

In 2 of our patients [1] who had the same type of 
prosthesis in the aortic position, we were intrigued 
first by noise modifications in the prosthesis, which 
became irregular and jerky, and second by a che~ ze in 
the radiological image of the ball. The irregular opac- 
ity of a new ball (Fig 1) decreased in size, became 
denser, and moved in a disorderly manner on left 
ventriculography. 


Fig 1. Radiographic appearance of a DeBakey 
prosthetic valve before implantation. The inner layer 
of the ball is covered with a radiopaque layer of 
tungsten. 
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In 1 patient the onset of fainting attacks aroused 
fears of prosthetic dysfunction. During the second 
intervention, eight months after implantation, the 
prosthesis appeared quite normal, without any 
thrombosis or exterior evidence of alteration. By 
roentgenogram and examination of the opened Pyro- 
lite ball, the radiopaque layer of tungsten covering the 
internal face of the ball was seen to have detached and 
to have gathered into a small, dustlike mass (Fig 2). 
We expect that the alteration could have occurred at 
the outset of the ball disequilibrium demonstrated by 
the stethacoustically detected anomalies. 


Bernard Rollin, M.D. 
Service de Chirurgie Cardio-Vasculaire 


Hôpital de Brabois 
54500 Vandoeuvre-les-Nancy, France 





; Reference 
Fig 2. Radiographic appearance of a DeBakey f , ; ns 
valve eight months after implantation. The tungsten 1. Rollin B, Mathieu P, Benichoux R: Altérations 
layer has detached and gathered into a small, internes de la bille de la prothèse valvulaire de 


dense mass. DeBakey. Arch Mal Coeur 68:939, 1975 


REVIEW OF RECENT BOOKS 


Myocardial Revascularization: A Surgical Atlas 


By Quentin R. Stiles, M.D., Bernard L. Tucker, M.D., 
George G. Lindesmith, M.D., and Bert W. Meyer, M.D. 
Little, Brown and Company, Boston, 1976 

165 pages, illustrated, $32.50 


Reviewed by Harold V. Liddle, M.D. 


In a year in which an estimated 76,000 people will 
undergo coronary revascularization for widely vary- 
ing indications and with even more variable late re- 
sults, this comprehensive atlas is very timely. 

Chapter 2 describes in detail, and with splendid 
diagrams, the basic coronary arterial anatomy, in- 
terarterial relationships, and common variations of 
normal coronary arterial distribution. This chapter 
should be required reading for the first month of 
every thoracic surgical resident's training. The sub- 
section on physiology is brief and superficial, with 
the potential hazard that the uninitiated may begin to 
graft arteries that are less than critically obstructed. 

The subsection on pathology makes one important 
and often overlooked point, which is that grafts to the 
right coronary artery should be applied across its 
bifurcation at the crux of the heart, where major dis- 
ease is common but frequently not demonstrated ar- 
teriographically. 

The 36-page third chapter is devoted entirely to 
cineangiographic interpretation, and it contains su- 
perbly correlated drawings and cine frames describ- 
ing coronary pathological anatomy. This chapter 
should also be required reading for beginning 
thoracic residents, among whom the early learning 
curve of angiographic interpretation is often frustrat- 
ing. 

The fourth chapter, which concerns the selection 
process for surgical treatment of coronary disease, isa 
very thoughtful and generally conservative discus- 
sion. The role of surgery is kept in its proper perspec- 
tive, which is appropriate in this era of surgical 
bonanza. I disagree with the conclusion on page 67 
that reoperation for advancing disease is prohibi- 
tively difficult, but I agree that when the optimal site 
for grafting of a coronary artery has already been used, 
regrafting can be unsatisfactory. The preoperative 
evaluation of potentially redeemable akinetic 
myocardial segments, described on page 68, should 
be routine in preoperative angiographic procedures. 
Although every surgeon develops variations of the 
cardiopulmonary bypass to suit his own idiosyn- 
crasies, the basic principles described in Chapter 5 are 
fundamental and a good standard. There are impor- 
tant details that merit further comment. Buckberg has 
clearly shown that the isometric work done by the 
nonvented heart is harmful; therefore, the authors’ 
recommendation for venting is good advice. How- 
ever, in the subsection on hypothermia they describe 
rewarming the perfusate before removing the aortic 
cross-clamp. There is good evidence to show that per- 
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fusing the cold heart with warm blood at normal per- 
fusion pressures causes marked cellular edema and 
perhaps induces enduring injury to the myocardium. 
In the “protocol for intraoperative care of heart surgi- 
cal patients” on page 81, the authors refer to a dosage 
ratio for protamine to heparin of 2:1. The current 
results of heparin assay show that the amount of prot- 
amine should be closer to 60 percent of the heparin 
dose. 

In the section on myocardial preservation, the con- 
cept of core cooling through the patient’s own coro- 
nary bed is worth emphasizing. Though this subject 
was very briefly addressed, it is probably as influen- 
tial on the late results of surgery as are the other 
technical details so elaborately described. 

Chapter 6, Vascular Techniques, is by far the 
longest and most detailed section in the atlas, and has 
superb diagrams. The authors’ methods are as safe 
and foolproof as any methods used to achieve the goal 
of patency. The chapter clearly describes the pitfalls 
that they and others of us learned the hard way, and it 
would be profitably memorized by the beginner. 

Chapters 7 and 8, on results, are reviews of interest. 
More surgical teams should take an equally discern- 
ing look at their own late surgical results. 

This atlas is an outstanding review of the technical 
aspects of coronary artery surgery. The reader must 
understand that much is left unsaid and that some is 
outdated by the rapid pace of cardiac surgery, but in 
all the atlas handily satisfies the authors’ purpose, “to 
shorten the learning curve.” 


Salt Lake City, UT 


Total Parenteral Nutrition 

Edited by Josef E. Fischer, M.D. 

Boston, Little, Brown and Company, 1976 
454 pp, illustrated, $25.00 


Reviewed by Stanley J. Dudrick, M.D. 


The important contribution of total parenteral nutri- 
tion to the management of seriously ill patients has 
been reemphasized by the publication of this new 
volume in answer to the increased demands of physi- 
cians for crystallized knowledge in this vital area. Like 
most monographs of this size, it is too large and 
lengthy to be a pocket handbook, yet it is not suffi- 
ciently comprehensive to be considered a complete 
reference work on the subject. However, the book has 
several merits that make it required reading for the 
novice who is eager to acquire practical familiarity 
with the principles and practice of total parenteral 
nutrition. 

The text is presented in three functional parts, sub- 
divided according to general principles of total par- 
enteral nutrition, specific aspects of management, 
and supplemental techniques to central parenteral 
nutrition. The list of contributing authors includes 
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some of the world’s experts in their respective fields of 
interest. It is obvious from their use of the language 
that they are attempting to communicate with readers 
who are at beginning and intermediate levels of train- 
ing as well as with those having advanced knowledge 
and experience in this speciality. 

Among my personal disappointments with this 
volume is that in the preface, the editor appears to 
have summarily reduced the investment of many 
years of education, laboratory and clinical investiga- 
tions, and the persistent efforts required to develop 
the technique of intravenous hyperalimentation into 
a reasonably safe and effective therapeutic tool to a 
mere “engineering” feat. In the otherwise thoughtful 
chapter on indications, the author in his opening par- 
agraph unfortunately not only displays, but appears 
to flaunt, his lack of knowledge of etymology. The 
chapter on the manufacturing pharmacy is replete 
with information that might be of considerable inter- 
est to other pharmacists but seems to contain more 
than what the average student, nurse, or physician 
would ordinarily care or need to know about this 
otherwise important and specialized area of total par- 
enteral nutrition. A few other chapters are somewhat 
lengthy and encyclopedic relative to the amount of 
useful and practical knowledge they impart. The book 
jacket includes the statement that ‘Included are chap- 
ters on elemental diets, an aspect of parenteral nutri- 
tion not administered intravenously . . .” The clear 
meaning and derivation of the term parenteral is, by 
any other route than the enteral or gastrointestinal 
tract. Elemental diets are designed and formulated 
for enteral administration and cannot be given par- 
enterally to man. This is another etymological detrac- 
tion which tends to propagate misconception and 
confusion rather than to accomplish the basic educa- 
tional goals of the book. 

The editor has done an excellent job of organizing 
and integrating the content of the individual chapters, 
and the publishers are to be commended for their 
craftmanship in producing this volume. Viewed 
overall, this is a well-written, well-organized, easily 
readable, and highly instructive manual on a timely 
and important aspect of patient care. 


Houston, TX 


Atlas of Applied Vascular Surgery 

By Kiyoshi Inokuchi, M.D., Ph.D., 

and Akira Kusaba, M.D. 

J. B. Lippincott Company, Philadelphia, 1975 
198 pp, illustrated, $57.00 


Reviewed by William S. Dye, M.D. 


In the preface to this book the senior author em- 
phasizes that their focus is on the clinical applications 
of a vessel anastomosis apparatus, the stapler, and 
that the term applied vascular surgery includes a 
number of rather unusual procedures in which this 


apparatus plays a prominent part. The first three 
chapters are devoted to detailed accounts of the his- 
tory, design, and use of the vascular stapler. The au- 
thors’ experience is based on more than 700 patients 
in whom the stapler was used 1,000 times. The draw- 
ings indicate the intricate design of the stapler. Use of 
the stapler obviously requires individual practice. 

The fourth, fifth and seventh chapters concern the 
more usual applications in vascular surgery, but even 
here unusual procedures are outlined. The fourth 
chapter concerns vascular injury and primarily con- 
siders the techniques of reimplantation of a severed 
extremity. The fifth chapter relates the authors’ ex- 
perience with vascular reconstruction for arterial oc- 
clusive disease. A standard femoropopliteal autoge- 
nous saphenous vein bypass graft in situ is shown. The 
stapler is again used for bringing down the trumpet- 
shaped end of the free graft for the distal anastomosis 
and then making an end-to-end anastomosis with the 
stapler to the proximal graft. The rest of the chapter is 
devoted to the surgical approach to more difficult 
diffuse arterial occlusions of the popliteal artery and 
its branches. The standard femoropopliteal bypass is 
first detailed, followed by an open endarterectomy of 
the popliteal artery with a long vein patch. An ar- 
teriovenous shunt is created at the popliteal level and 
can be made using the tibial or peroneal venous 
branch. The authors prefer the latter. In addition, 
with further obstruction beyond the popliteal trifur- 
cation, another bypass may be made from the recon- 
structed popliteal artery to the distal tibial artery. The 
remainder of this chapter concerns autogenous vein 
grafting and open endarterectomy for Takayashu’s 
disease of the carotid artery, and it describes an un- 
usual approach to treating coarctation of the aorta 
using an innominate—abdominal aortic bypass graft 
that passes retrosternally and then is anastomosed to 
the abdominal aorta. 

Chapter 6 concerns reconstruction of the 
esophagus. The cervical esophagus is repaired using a 
free jejunal segment transplant. The artery and vein 
from this free transplant are anastomosed to appro- 
priate branches in the neck. In addition, the authors 
show the technique of revascularization of the gastric 
tube used for thoracic esophageal reconstruction. 

The seventh chapter concerns surgical treatment of 
portal hypertension. It provides an excellent review of 
their technique of using free common iliac vein bifur- 
cation grafts to establish a wide anastomosis to the 
renal vein during splenorenal shunt. In addition, the 
authors outline their technique of “controlled spleno- 
renal shunt,” which includes checking the postopera- 
tive angiograms for the degree of forward portal flow 
and also measuring pressures and flow in the shunt. 
The technique of left gastric-vena caval shunt is also 
shown. Alternative anastomotic methods such as 
anastomosis to the spermatic or ovarian, adrenal, or 
renal arteries are described. Follow-up studies on var- 
ices and shunt patency are outlined ina high propor- 
tion of their patients. 
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Chapter 8 concerns surgical hormone therapy for 
advanced breast cancer and the use of an applied 
vascular procedure—namely, suprarenal—inferior 
mesenteric venous shunt—for advanced metastatic 
carcinoma of the breast. Chapter 9 describes the 
treatment of glycogen storage disease using an end- 
to-side mesenteric vein—vena caval anastomosis. 
Chapter 10 outlines the advantages of the vascular 
stapler for anastomosing the artery in kidney trans- 
plantation, thereby reducing operating time. Chapter 
11 shows the use of the vascular stapler in tubal anas- 
tomosis. Finally, the Appendix discusses animal ex- 
perimentation in the use of the vascular stapler. 


The book is well illustrated with line drawings, and 
clinical results are included with each procedure. The 
book is highly recommended to those interested in 
developing techniques using the vascular stapler, and 
it belongs in any center where such training programs 
are going on. The information on application of vascu- 
lar surgery in unusual ways is especially interesting. 
It is not a book for the aspiring vascular surgeon who 
is looking for an atlas on techniques for many 
standard vascular operations. 


Chicago, IL 
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CONTINUING EDUCATION 


Meetings in North America, July-December, 1977 


Fluid Therapy and Hyperalimentation: An In-Depth Inquiry into the State of the Art, The 
Inn at Loretto, Santa Fe, NM, Aug 10-13 
Contact: Symposia de Santa Fe, P.O. Box 5175, Coronado Station, Santa Fe, NM 87502 


Management of Cardiovascular Diseases, Sheraton Molokai Hotel, Molokai HA, Aug 
14-20 
Contact: John H. K. Vogel, M.D., Program Director, 3969 Cuervo, Santa Barbara, CA 93110 


The First Decade of Bypass Surgery for Coronary Artery Disease, Cleveland, OH, Sept 
15-17 

Contact: Director of Continuing Medical Education, The Cleveland Clinic Foundation, 
9500 Euclid Ave, Cleveland, OH 44106 


University of Colorado Second Annual Symposium on Vascular Surgery, The Marriott 
Hotel, Denver, CO, Sept 29-Oct 1 

Contact: Office of Postgraduate Medical Education, University of Colorado School of 
Medicine, 4200 East Ninth Ave, Denver, CO 80262 


The 63rd annual American College of Surgeons Clinical Congress, the Dallas Convention 
Center, Dallas, TX, Oct 17-21 
Contact: Heinz R. Kuehn, Director of Communications, 55 East Erie St, Chicago, IL 60611 


American College of Chest Physicians, MGM Grand Hotel, Las Vegas, NV, Oct 30-Nov 3 
Contact: Shirley E. Schlessinger, Conference Manager, 911 Busse Highway, Park Ridge, IL 
60068 


National Conference on Human Values and Cancer, sponsored by the American Cancer 
Society, Palmer House, Chicago, IL, Sept 7-9 
Contact: American Cancer Society, Second National Conference on Human Values and 
Cancer, 777 Third Ave, New York, NY 10017 


National Registry of Cardiology Technologists, Americana Hotel, Miami Beach, FL, Nov 
16-18 
Contact: Sally Rossman, Executive Director, 909 W 47 St, Miami Beach, FL 33140 


American Heart Association, Miami Beach Convention Center, Miami Beach, FL, Nov 
28-Dec 1 
Contact: William W. Moore, Executive Director, 7320 Greenville Ave, Dallas, TX 75231 


Meetings Outside North America, July-December 1977 


XXXIII Brazilian Congress of Cardiology, Porto Alegre, Brazil, July 10-16 
Contact: Dr. Fernando Lucchese, M.D., P.O. Box 2907, Porto Alegre, 90000, Brazil 


International Society of Cardiology International Seminar on Cardiovascular Epidemiol- 
ogy and Prevention (10th), Ghana, Aug 21-Sept 2 

Contact: J. Stamler, M.D., Northwestern University Medical School, Ward Building, 
Room 9-105, 303 E Chicago Ave, Chicago, IL 60611 


International Cardiovascular Society, Keio Plaza, Tokyo, Japan, Aug 31-Sept 2 
Masahiro Saigusa, M.D., Chairman, Local Organizational Committee, C/O John L. Carle- 
ton, M.D., 2323 Oak Park Lane, Santa Barbara, CA 93105 


American College of Chest Physicians, Manila, Philippines, Nov 6-9 
Contact: Benjamin Calesnick, M.D., President, 2 E 103 St, New York, NY 10029 






Subscription Service 


Attach your mailing 
label here 


( 


and mail this whole 
form to 



















The Annals of Thoracic Surgery 
Little, Brown and Company 
34 Beacon Street 
Boston, MA 02106 






Change of Address? 
Please give us 4 weeks advance notice. Attach the 
label for your old address above, write in your new 
address below. 






Entering a New Subscription? 
Check the box and fill in your name and address 
below. Also, circle the price that applies to your 
subscription. (To order a gift subscription please at- 
tach a separate sheet with full instructions.) 







Renewing? 
Check the box below—and make sure your mailing 
label is correct. 
















A Question, Complaint? 
We can serve you better and faster if you will enclose 
your mailing label with any correspondence. 


Please send The Annals of Thoracic Surgery 
1 Year (12 issues) 


USA Canada Foreign 


Individual $34.50 $35.50 $37.50 
Resident, Intern $25.00 $26.00 $28.00 
Institution $39.50 $40.50 $42.50 









O Renewal 





O New subscription 


O Payment enclosed O Bill me 








Address 





City 





State/Zip 








Now, automated 
cardiac output for 


open-heart patients 


...with IL’s 2-French 
transthoracic catheter and 
proven C.O. measuring system. 





se 


platinum boid. A 
. N teflon construction 


To help you improve the fluid and 
drug therapy of a wider variety of 
patients, including premature infants, IL has 
added a 2-French Open-Heart Transthoracic 
Catheter to its automated cardiac output system. 
The new catheter facilitates pushbutton deter- 
mination of C.O. (with thermodilution injection 
made through a separate CVP line) and pulmonary 
artery temperature. It is: 
— Reusable up to 5 times, with teflon construction 
and closed distal tip. 
= Highly visible, fluoroscopically, with platinum 
and. 
— Furnished with introducer, to simplify insertion. 
Removable non-surgically. 


No matter which IL catheter you use, the IL601 
C.O. measuring system provides high accuracy and 
easy operation; requires no rectal temperatures; 
utilizes room temp. or iced injectate. This complete 
system includes: Computer/Recorder (601/ 602): 
Automatic Injector (55651); Iced Injectate Tra 
(26420); and 7F Adult (44166-05), 7F Animal 
Pediatric (44671-05), 5F Pediatric (44645-05) 
and 2F Open-Heart (44910-05) Catheters. 

For a demonstration, call toll-free (in U.S. ): 
800-225-1481. Or write: Instrumentation 
Laboratory, Lexington, Mass. 02173. 


Q Instrumentation Laboratory Inc. 


Announcing the Datascope PAD" 
Pulsatile Assist Device. 
The first device that produces pulsation 
and counterpulsation from 
your heart-lung machine without 
additional surgery. 


It has long been recog- 
nized that pulsatile perfusion 
is better physiologically for 
the organs and for the microcir- OM jrice eee Benen 
culation than the steady flow Pump Console 
delivered by the arterial pumps 
of existing heart-lung 
machines.'> ? 

We are proud to announce 
the first clinical device to suc- 
cessfully produce atraumatic, 
pulsatile flow: The Datascope 
PAD Pulsatile Assist Device. 

The Datascope PAD 
does this by converting the con- 
tinuous flow of the roller pump 
to pulsatile flow. This pulsatile Heart-Lung Machine 
flow can also be synchronized 
with the heartbeat. If the heart 
is fibrillating, the PAD can 
produce a pulsatile flow at 











selected physiologic rates. 

The PAD can also pro- 
vide counterpulsation both be- 
fore and after cardiopulmonary 
bypass. Which means you can 
now perform counterpulsation 
without the need for an intra- 
aortic balloon and additional 
surgery. 

The PAD consists of a 
disposable avalvular balloon 
housed in a rigid plastic cylin- 
der which is inserted into the 
arterial line of the heart-lung 
machine. Blood flows from the roller 
pump through the balloon into the aorta. 
Synchronized pulsation of the balloon is 
produced by the pneumatic action of the 
Datascope System 80 Balloon Pump. 

Clinical use of the PAD* has dem- 
onstrated a marked increase in urinary out- 
put and coronary graft blood flow. And a 
marked decrease in the peri-operative 
myocardial infarction rate. 

In addition, there was no significant 





increase in hemolysis. 


For further information on the 
Datascope PAD, or to arrange for a visit 
by one of our technical representatives, 
write or call: Datascope Corp., 580 Winters 
Avenue, Paramus, New Jersey 07652. Tel. 
(201) 265-8800 or Datascope B.V., 
Kyftenbeltlaan 6, Hoevelaken, Holland. 
Tel. 03495-4514. 


The Datascope PAD 





CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7173 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 





Cardiothoracic surgeon, 34, married, trained at renowned 
New York City university medical center, seeks position in 
group or association leading to partnership or academic ap- 
pointment. Presently staff member. Available July, 1977, no 
geographic preference, curriculum vitae upon request. 


Please respond to W-22, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, 35, certified by ABS 
and ABTS, university trained, seeks association/ 
partnership. Experienced in cardiac, pulmonary and vascu- 
lar surgery. Locale and availability flexible. 


Please respond to W-42, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 34, seeks solo practice 
or group affiliation leading to partnership. ABS certified, 
will take ABTS in March, 1977. Wide experience in open- 
heart, pulmonary and vascular surgery, FLEX. 


Please respond to W-43, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 35, married, well- 
trained in all aspects of thoracic and cardiovascular surgery, 
seeks partnership or full-time position with group in cardiac 
or thoracic and vascular surgery. FLEX, ABS, candidate for 
ABTS, available July, 1977. 


Please respond to W-44, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 34, married, 2 chil- 
dren, completing university residency in July, 1977, seeks 
position with group or association leading to partnership. 
Will consider all geographic locations. 


Please respond to W-45, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


A-30 


Cardiac, thoracic, vascular surgeon, 40, completing ex- 
tended training June, 1977, desires position in private prac- 
tice with academic affiliation. Training in coronary, valvular 
and pediatric cardiac surgery, and general thoracic and vas- 
cular surgery. PhD in physiology, research experience, good 
credentials and references. 


Please respond to W-46, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular surgeon, 30, married, desires position with 
cardiac or thoracic surgery group. Diplomate, NBME, com- 
pleting accredited cardiothoracic surgical residency, July, 
1977, with concentrated experience in coronary artery and 
valve surgery. 


Please respond to W-47, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 34, well-trained in all 
aspects of thoracic and cardiovascular surgery, university 
trained, seeks associate or partnership. Location flexible. 


Please respond to W-48, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 36, Eastern university educated, 
Board certified by ABS & ABTS, seeks group practice, includ- 
ing cardiac and thoracic surgery. Academic cardiac surgeon 
past two years, military obligation completed. Northeast 
location preferred, early availability. 


Please respond to W-49, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 32, university-trained with experi- 
ence in adult and pediatric cardiac and general thoracic 
surgery, would like to join another cardiothoracic surgeon or 
group. Available January, 1978. 


Please respond to W-50, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 32, completing resi- 
dency June, 1977, at large university center, desires position 
in thoracic and cardiovascular surgery. Will consider all geo- 
graphical locations. Board certified in general surgery. 


Please respond to F. J. Negri, M.D.,517 Beacon Hill #1, Troy, 
MI 48084. 


Cardiovascular and thoracic surgeon, 35, ABTS certified, 
seeks group practice in Southeast or Southwest, with strong 
adult cardiac surgery service. Completing military obliga- 
tion in September, 1977. 


Please respond to Cdr T. A. Clark, Department of Car- 
diothoracic Surgery, Naval Regional Medical Center, San 
Diego, CA 92134. 


Established, university-trained thoracic and cardiovascular 
surgeon with full credentials seeks to relocate from large 
midwestern city to Southern states. 


Please respond to W-53, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


University-trained thoracic and cardiovascular surgeon 


seeks academic position or association in a group, preferably 
with opportunity for research. 


Please respond to W-54, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


Surgeon wanted to direct and develop new programs in 
cardiac surgery at Baystate Medical Center. Must be board 
certified or eligible, preferably with established record in 
clinical surgery. Major health care institution for western 
Massachusetts, associated with Tufts University School of 
Medicine. 


Please send curriculum vitae to Paul Friedman, M.D., 
Chairman, Department of Surgery, Baystate Medical Center, 
759 Chestnut St, Springfield, MA 01107. 





Opening for thoracic and cardiovascular surgeon available 
immediately in Midwest, with thoracic and cardiovascular 
surgeon in solo practice. Should be willing to do some gen- 
eral surgery. 


Please send curriculum vitae and references to A-21, The 
Annals of Thoracic Surgery, C-7173 University Hospital, 
Ann Arbor, MI 48109. 


Board qualified or board certified thoracic surgeon wanted 
to join incorporated practice in southern California. No 
open-heart at this time, but busy thoracic, peripheral vascu- 
lar, and pacemaker practice. Remuneration includes pension 
and profit sharing plans and full fringe benefits. 


Send curriculum vitae to A-22, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 


Thoracic and peripheral vascular surgeon wanted to join 
established multi-specialty group in north central Wiscon- 
sin. Salary first year, then association. Excellent fringe ben- 
efits, new clinic building, new hospital under construc- 
tion. 


Please respond to A-23, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Experienced cardiothoracic surgeon needed in thoracic and 
cardiac center in southern India. 150 open-hearts per year. 


Please respond to A-24, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon wanted in Division of 
Thoracic and Cardiovascular Surgery, Harbor General Hos- 
pital, 600 bed Los Angeles County Hospital. Integral part of 
University of California, Los Angeles, an equal 
opportunity/affirmative action employer. 


Qualified, academically oriented, fully-trained surgeons 
may send curriculum vitae to Ronald J. Nelson, M.D. Chief, 
Thoracic and Cardiovascular Surgery, Harbor General Hos- 
pital, 1000 W Carson St, Torrance, CA 90509. 





Well-trained cardiovascular surgeon, recently completing 
training program, wanted to join group in central Florida 
city. Available immediately. 


Please respond to A-26, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Excellent opportunity for thoracic-cardiovascular surgeon 
completing residency. No open-heart surgery, busy group 
practice, Long Island, New York area. Board eligibility re- 
quired. 


Please respond to A-27, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, Board certified or 
Board eligible, wanted to join a partnership of thoracic and 
general surgeons in a suburban Philadelphia university- 
affiliated community hospital. 


Please respond to A-28, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





A-31 





Cardiovascular and thoracic surgery fellowship available 
beginning July 1, 1977, The University of Texas Medical 
Branch, Galveston. Research on myocardial electrophysiol- 
ogy, myocardial preservation for open-heart surgery, and 
longterm membrane oxygenator support for children. 


Please address replies to G. Frank O. Tyers, M.D., Division 
of Cardiothoracic Surgery, The University of Texas Medical 
Branch, Galveston, TX 77550. 





Cardiac and cardiovascular surgeon to establish new prac- 
tice in cardiac surgery in large community hospital with 
university affiliation. Applicants should be well-qualified 
and show evidence of experience in all facets of cardiac 
surgery. 


Send curriculum vitae to William F. Morrissey, M.D., The 
Fairfax Hospital, 3300 Gallows Road, Falls Church, 
VA 22046. 


Board-certified or Board-eligible thoracic surgeon wanted 
to join two others in multi-hospital practice in Southeast. 
Practice currently limited to thoracic and cardiovascular 
surgery with large volume of pulmonary and peripheral vas- 
cular surgery. 


Please respond to A-31, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 
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Handbook of Critical Care 


Edited by James L. Berk, M.D., Case Western Reserve 
University School of Medicine; James E. Sampliner, 
M.D., Case Western Reserve University School of 
Medicine; J. Sheldon Artz, M.D., Akron City Hospital; 
and Barry Vinocur, B.S., formerly, Research Fellow in 
Surgery, Case Western Reserve University School of 
Medicine 


Foreword by Francis D. Moore, M.D. 


This comprehensive new book outlines in step-by- 
step detail the diagnostic methods and specific ther- 
apy necessary to treat critically ill patients effectively 
and efficiently. 





The authors, all experts in their fields, first offer perti- 
nent clinical information geared to the management 
of problems that occur daily among critically ill 
patients; then they describe the newest concepts 
and most recent advances in the field. Each chapter 
includes selected references for further reading as 
well as a current bibliography. Finally, this handy 
field manual includes helpful appendixes that pre- 
sent often-used abbreviations, definitions, formulas, 
nomograms, doses, and conversion factors. 


With the increasingly important role of critical care 
medicine in today's health care system, there is a 
greater need than ever for a practical, current 
source book that supplies a wealth of basic informa- 
tion. Handbook of Critical Care belongs in every 
intensive care unit, hospital ward, nursing station, 
and surgeon's office. 


574 pages, illustrated. Paper, #091707, $12.50 
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Applied Physiology of Respiratory Care 






By John Hedley- Whyte, M.D., George E. Burgess, 
Thomas W. Feeley, M.D., and Malcolm G. Miller, 


All of Harvard Medical School 


With the dramatic recent advances in the manage- 
ment of cardiorespiratory failure, there exists a 
strong need for this up-to-date, clearly written refer- 
ence. Its four authors have drawn from experience 
over the past decade at one of the world’s foremost 
medical schools to present effective, tested methods 
for understanding and treating a broad range of 
respiratory disorders. 


As the table of contents shows, the authors cover 
such critically important subjects as problems of 
nosocomial pulmonary infection, the effect of sepsis 
on respiratory function, respiratory problems of the 
cardiac patient, and high-speed and blunt injuries. 
They also discuss respiratory consequences of myo- 
cardial infarction, of aging and obesity, along with 
management of poisoning and disseminated intra- 
vascular coagulation. 


Profusely illustrated with graphs and line drawings 
and exhaustively referenced to aid in the reader’s 
further study, APPLIED PHYSIOLOGY OF RESPIR- 
ATORY CARE is an invaluable resource for all 
physicians. 


552 pages, illustrated. #354201, $22.50 
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I General Management of Respiratory Failure 

è 1 Effect of Controlled Ventilation on the Upper 
Airway ® 2 Effect of Controlled Ventilation on the 
Lungs and Cardiovascular System @ 3 Effect of Pattern 
of Ventilation on Hepatic, Renal, and Splanchnic 
Function @ 4 Problems of Nosocomial Pulmonary 
Infection @ 5 Effect of Sepsis on Respiratory Function 
© 6 Problems of Fluid Balance ® 7 Problems of Ionic 
Balance ® 8 Nutrition ® 9 Problems of Monitoring 

è 10 Critical Analysis of Preventive Measures 





@ 11 Weaning from Ventilatory Support 

è II Respiratory Consequences of Specific Surgical 
Problems @ 12 Postoperative Management of the 
Cardiac Patient and the Consequences of 
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Cardiopulmonary Bypass ® 13 Problems of Obstetric 
and Gynecologic Emergencies @ III Trauma and 
Respiratory Failure @ 14 High-Speed and Blunt 
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Respiratory Function @ IV Respiratory Management 
of Patients with Organ Failure © 17 Respiratory 
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of Liver Failure and Delirium Tremens @ 19 Problems 
of Renal Failure @ 20 Respiratory Management of 
Peripheral Neurologic Disease @ 21 Applied 
Respiratory Physiology and Management of Cerebral 
Edema, Infection, and Hemorrhage @ V Effects of Age, 
Obesity, and Environment on Respiratory Function 

@ 22 Aging @ 23 Obesity @ 24 Smoking, Air Pollution, 
and Contamination of Medical Gases ® VI Special 
Problems @ 25 Management of Poisoning 

è 26 Pulmonary Aspiration and Near-Drowning 

è 27 Accidental Hypothermia @ 28 Massive 
Transfusion @ 29 Disseminated Intravascular 
Coagulation @ 30 Miscellaneous Special Problems 

© 31 Pulmonary Oxygen Toxicity in Respiratory 
Management @ 32 Extracorporeal Membrane 
Oxygenation @ Appendix: Normal Laboratory Values 
of Tests Frequently Used in Respiratory Care 

© References @ Index 
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SELLULAR BRONCHIAL or 
ESOPHAGEAL SAMPLES 
WITHOUT SURGERY 





Cellular samples from either the bronchus, lungs or esophagus, can 
radily be obtained without surgery by using Mill-Rose brushing units. There 
'e two models: one of a flexible nature and one more rigid. 

Mill-Rose units can be used with rigid scopes, catheters, or flexible 
ronchofiberscopes. The disposable brushes are maintained at the distal tip 
* the instrument where they can be easily removed. A convenient handle 
armits the bending of the distal tip for precise brushing. 

With the Mill-Rose brushing units, samples can be obtained from areas 
reviously not reachable with conventional instruments and at a minimum of 
auma to the patient. 


= BRONCHOFIBERSCOPE CLEANING KIT 


A 
| Zins | The Mill-Rose Bronchofiberscope Cleaning Kit includes 
l= two nylon brushes to fit all Bronchofiberscope tubes 
snugly and assure maximum scrubbing action on both 
insertion and withdrawal. Brushes can be sterilized 
and re-used. Brushes are 2.3 and 3.2 mm. 
Entire kit is packed in sturdy case for only $10.00. 
Refills of “Milladine”® are available immediately 
from Mill-Rose in 4 oz., 16 oz. and 32 oz. bottles. 
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DAVIS+GECK 


Long-term holding power... 





TI-CRON‘ silicone-treated polyester suture. 


TI-CRON gives you optimal passage through tissue. 


security in cardiovascular Tl-CRON also handles easily. 
surgery...including prosthesis It does not stretch, and knots 
implantation. It offers you slide easily into place without 
exceptional strength and chatter. 

holding power, plus flexibility TI-CRON. The proven 

and softness. It is treated with suture with long-term holding 
physiologically inert medical- power for long-term security in 
grade silicone for smooth cardiovascular surgery. 


* Trademark 


DAVIS+GECK 


American Cyanamid Company 
Pearl River, N.Y. 10965 





ANTISEPTIC 


SECURITY 


in scrubbing and 
prepping 


For surgeons, nurses and patients 
the prompt, broad-spectrum action 
of BETADINE Microbicides 
provides topical antiseptic security. 


BETADINE Surgical Scrub, for 
scrubbing by the surgical team and 
for optimal skin degerming in 
prepping the patient... promptly 
achieves full microbicidal effect with 
each usage... (in the rare instance 
of local irritation or sensitivity, 
discontinue use in the individual). 


BETADINE Solution or BETADINE 
Aerosol Spray, to enhance antisepsis 

in prepping after initial use of 
BETADINE Surgical Scrub. BETADINE 
Solution and BETADINE Aerosol Spray 
are film-forming...active in the presence 
of blood, pus and serum... help 
maintain postoperative antisepsis when 
applied to incisions. 


Purdue Frederick 


©COPYRIGHT 1975, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06856 A7982 165175 
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where compromise 
iS out of the question 


When patient safety is of prime concern, 
as it is at Bentley Laboratories, there 

is no room for compromise. That’s why, 
at Bentley, we take pride in the total 
production of Bentley tubing. Every 
step, from extrusion through final 
sterilization is completed at our facilities 
in Irvine, California. 

The highest levels of quality control, 
independent laboratory testing, strict 
adherence to manufacturing techniques, 
extreme care in product preparation 
and packaging~-all characterize our 
efforts to provide the finest tubing 
available for use during extracorporeal 
circulation. 

Currently, over 80% of Bentley 
“Implant (1 J° Tested” tubing is used in 
Custom Tube Pacs. These convenient 
packages, preassembled to customer 
specifications also contain component 
parts such as Bypass Blood Filters, Gas 
Filters and Connectors. By combining 
the desired components with required 
tubing lengths, a complete perfusion 
system is formed, sterile-packed in a 
disposable tray—ready for instant use. 

Bentley Custom Tube Pacs reduce 
inventory requirements, eliminate 





materials waste, simplify patient billing 
and provide excellent operating room 
technique. They can be assembled in any 
combination to meet your individual needs. . 
Send for your Bentley “Implant (1 EÐ 
Tested” Tubing brochure which describes 
in detail the most complete selection of 
disposable blood circuit components 
available. In addition, it tells how to 
specify your own Custom Tube Pac. 
If you have an immediate tubing require- 
ment, contact your Bentley representative. 


*U.S.P. Class VI Plastics Report available on request. 


BENTLEY LABORATORIES, INC. | 
17502 Armstrong Avenue 
Irvine, California 92705 
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You see twice as much. Your diagnoses are twice as sure. 


The Olympus Bronchofiberscope has been given an ingenious new set of optics and a fiber bundle with 
double the number of fibers. And that means ultimate resolution. Translation: your views are larger, brighter 
and sharper. Olympus famous one-hand control, light-weight compactness and 260° tip angulation add 
patient comfort and easy insertion. See for yourself why most of the world’s bronchoscopists use Olympus. 
Write Olympus Corporation of America, Medical Instrument Division, 2 Nevada Drive, New Hyde Park, N.Y. 11040 
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POWPROPYLENE SUTURE 


sands of procedures, 

PROLENE suture continues to prove its clinically important 
qualities and characteristics; Monofilament smoothness, 
strength, pliability, knot segurity and resistance to 





fatigue-induced fracture. Inert PROLENE suture induces 
only a minimal tissue reaction and does not harbor bacteria. 


PROLENE suture retains 
prolonged implantation eve 


vivo tensile strength after 
in the presence of infection. 


ETHICON 


PROLENE* FOER lene Nonabsorbable Surgical Suture WITH ATRALEASE* CONTROL RELEASE* Needle differs from U.S.P. only in needle attachment 
limits. INDICATIONS — PROLENE ee lene Suture may be used wherever a nonabsorbable surgical suture is recommended. CONTRAINDICATIONS — 
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Original manuscripts on thoracic, cardiac, and peripheral vascular surgery will be considered for 
publication in The Annals of Thoracic Surgery with the understanding that they be submitted only to 
this journal. Send manuscripts preferably by certified or registered mail to Herbert Sloan, M.D., 
Editor, The Annals of Thoracic Surgery, C-7173 University Hospital, Ann Arbor, MI 48104. 


The Annals welcomes correspondence. Letters are reviewed according to the same standards as other 
contributions. Unsigned letters cannot be published. 


Type entire manuscript double-spaced on standard-sized paper, using standard margins. Number 
pages consecutively in this order: title page, abstract, text, references, tables, legends. Place author's 
name and page number in the upper right corner of each page. Submit original typescript and 
duplicate with duplicate illustrations; retain a copy of the typescript. Provide an abstract of approxi- 
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a lithium pacemaker 
back in 1972, CPI 
had it ready 


CPI was there 4 years ago, when a reliable 
ithium-powered pacemaker was needed. It was 
SPI that pioneered the successful use of lithium 
pulse generators for cardiac pacing. As a result 
since 1972, physicians have used CPI pacemakers 
or effective long-term patient treatment in over 
2,000 men, women and c 
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CPI lithium pacemaker technology has had 

more successful clinical experience than any other 
ithium pulse generator in the industry and is 
already into its second generation 








This second generation is MINILITH® It is one 

of the smallest, lightest, lithium-powered pacemakers 
available for clinical use today. Since 1974, there 
have been rnore than 2,000 documented implants 
The MINILITH, with its reliable lithium power 

source arranteed for 4 years. Its hybrid circuitry 
s built to meet rigid performance standards 
redundant hermetic sealing ensures total isolation 
rom the body's moist, hostile environmen 




















MINILITH’s compactness and lighter weight 
assure patient comfort. At the same time, CPI’s 

echnology, high quality assurance standards, and 
years of experience provide the physician with 
ensured pacemaker longevity and dependable 
eliability. And a potentially longer, more comfortable 
ife for the patient 























That's been the primary benefit since we pior 
ithium pacemakers, back in 1972 


eered 





...of the three 

major pacemaker 
companies, 

CPI is No. 1 in lithium. 








® 
CARDIAC PACEMAKERS, INC. 
4100 NORTH HAMLINE AVENUE 
ST. PAUL, MINNESOTA 55112 U.S.A 
TELEPHONE: (612) 631-3000 
CABLE: CARDIAPACE, ST. PAUL/TELEX 29-7049 


Clinical data available upon request 


© 1976 Cardiac Pacemakers, Inc 








The Datasco 


It not only does 


alloon pum 


e System 8O. 
a better’ job of 


it does what no ho othe rĒalloon 
pump can do. 












System 80 
Intra-Aortic 
Balloon 









Heart- 
Lung 
Machine 








The new PAD or an Intra-Aortic Balloon can be used 
with the System 80. 

The Datascope System 80 begins with 
better idea: a better balloon. It offers the 
ily dual-chamber balloon* available in 
loon pumping. Our dual-chamber bal- 
on produces unidirectional blood flow 
hich creates 66 to 100% more coronary 





The PAD Pulsatile Assist Device in use during open 
heart surgery. 


blood flow than conventional single- 
chamber balloons. 

But the System 80 doesn’t just offer a — 
better balloon, it offers a safer balloon. It 
was the first system to use COz instead of 
helium. And it continues to do so. (Helium 


can compromise the safety of a system. 
COz cannot.) 

The System 80 is a completely closed 
gystem. Our intra-aortic balloon connects 
‘to a slave balloon housed in a special 
safety chamber. So the maximum amount 
of gas that can enter the intra-aortic bal- 
loon is absolutely controlled. 

The System 80 is triggered by either 
ECG or by a pressure waveform. So it 
can operate without interference from 
electrosurgery. 

The System 80 is highly mobile. In 
fact, it is just about half the weight of other 
systems. And it will run 4 hours or more 
y. batteries. Which is at least 4 times as 
Tong as other systems. 

Yet with all these advantages, the 
System 80 costs about 25% less than other 
systems. 

And the System 80 offers something 
that no other balloon pump offers at any 
price. It is the only balloon pump in the 
world that lets you use the PAD® Pulsatile 
Assist Device. 

PAD ** is the 
first clinical device 
Yo produce both 
pulsation and 
counterpulsation 
from a heart-lung 
machine without 












the need of an intra-aortic balloon and the 
additional surgery required. 

PAD converts the continuous flow of 
the roller pump to pulsatile flow that can 
be synchronized with the heartbeat, or 
provides counterpulsation both before and 
after cardiopulmonary bypass: 

Clinical use of PAD has demonstrated 
a marked increase in urinary output and 
coronary graft blood flow.* And it has 
shown a marked decrease in the peri- 
operative myocardial infarction rate: 

All in all, the System 80 gives you a 
unique choice: a balloon pump that does a 
better job pumping, or the world’s first 
Pulsatile Assist System. 

For more information on the System 
80 or on the revolutionary PAD write 
or call: 

Datascope Corp., Box 5-B, Paramus, 
N.J. 07652. (201) 265-8800. Or, 
Datascope B.V., Kyftenbeltlaan 6, 
Hoevelaken, Holland. Tel. 03495-4514. 


The Datascope System 8C 


/ CLINICAL REFERENCES 1. Talpins, N.L., Kripke, D 
Yellin, E., and Goetz, R.H., Hemodynamics and coron 
blood flow during intra-aortic balloon pumping, Su 
Forum, 19:122, 1968. 2. Bregman, D., et al, “Counter 
sation with a new pulsatile assist device (PAD) in op 
heart surgery,’ Medical Instrumentation, 10:232, 19 
3. Bregman, D., “Mechanical Support of the Fail 
| Heart,’ in Ravitch, M.M. (ed.): Currents Problems 
Ú Surgery, Chicago, 1976. 4. Bregman, D., et al, “Ar 
T  Satile assist device (PAD) for improved myocardial p 
m tection during cardiopulmonary bypass,” Annals of Th 
Surg. (in press). 5. Bregman, D., et al, “An improy 
| method of myocardial protection with pulsation dur 
cad cardiopulmonary bypass,’ Circulation: Cardiovascu 
Surg. Supplement (in press). *U.S. Patent #3692( 
**Patent Pending 


Visit us at Booth No. 263 at the 
American College of Surgeons 
Annual Meeting in Dallas 
on October 17-20. 
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In the shock syndrome: 


Selectively redirects blood to vital orgar 


Increases vital organ perfusion 


In the shock syndrome, perfusion pressure usually 
does not meet the metabolic needs of the vital 
organs. When volume replacement fails to reverse 
this process, additional therapy must be initiated 
to increase cardiac output and blood pressure 
and to increase blood flow to vital organs. 
Intropin (dopamine HC!) is the only drug that 
both increases cardiac output and blood pressure 
while specifically redirecting the blood flow. 


Maintains kidney function 


The unique ability of Intropin to act on the 
“dopaminergic” receptors in the mesenteric and 
renal vasculature causes vasodilation in these 
beds and leads to increased renal blood flow, 
glomerular filtration rate and urine output. At low 
dose levels (less than 5 mcg/kg/min), when 
cardiac stimulation is not usually observed, these 
increases are independent of increased cardiac 
output. 


In comparison, norepinephrine causes vasocon- 
striction in these beds, further compromising vital 
organ function.’ Isoproterenol causes generalized 
systemic vasodilation (thereby requiring greater 
cardiac output to increase vital organ perfusion) 
and does not increase the renal fraction of the 
increased cardiac output.” 


Increases cardiac output 


At higher doses (above 5 mcg/kg/min), Intropin 
begins to increase myocardial contractility, 
stroke volume and cardiac output by direct 
positive inotropic effect while maintaining much 
of the unique dopaminergic effect. In certain 
patients such as refractory congestive failure 


/s\ | ARNAR-STONE LABORATORIES, INC. 
= Mount Prospect, Illinois 60056 


A Subsidiary of American Hospital Supply Corporation 


patients, the increase in cardiac output may be 
seen at doses of less than 5 mcg/kg/min. 


Norepinephrine, on the other hand, has a simil 
inotropic effect, but the expected increase in 
cardiac output is often diminished due to the 
increased systemic vascular resistance (afterlox 
resulting from norepinephrine’s alpha adrene! 
activity. Isoproterenol increases cardiac outpu 
in part through a chronotropic effect. Its use 
results in a greater increase in myocardial 
oxygen consumption than does the inotropic 
effect of Intropin. It also results in a greater pot 
tial for arrhythmias.’ The increased cardiac 
output obtained with isoproterenol is deliverec 
to the total systemic vasculature due to generc 
vasodilation while the selective vasodilation o: 
Intropin directs more blood supply to the area 
need of vital perfusion. 


Increases blood pressure 


Intropin doses of over 20 mcg/kg/min will usu 
result in an alpha adrenergic (vasoconstrictio1 
response in the peripheral vasculature. This 
usually raises the pressure and also redirects 
blood flow through the vasodilated vasculatur 
the renal and mesenteric beds. Thus, Intropin « 
increase blood pressure through an inotropic 
cardiac response or at doses above 20 mcg/k 
min through an additional peripheral 
vasculature response. 


References: 

1. Rosenblum, R., Am. Heart J., 87:527-530, 1974. 
2. Goldberg, L.I., N.E.J. of Med., 291:707-710, 1974. 
3. Harrison, D.C., Am. J. of Card., 35:656-659, 1975. 


INTROPIN’ (dopamine HC 


(See last page of this advertisement for full prescribing information. ) 





INTROPIN’ (dopamine HCl) 
5 ml. AMPUL/FOR IV INJECTION 


DESCRIPTION: INTROPIN (dopamine HCI) is 3, 4-dihydroxyphenethylamine hydrochloride, a naturally- 
Occurring biochemical catecholamine precursor of norepinephrine. The chemical structure is: 


HO CH,CH,NH, + HC! 


HO 
CgH,,NO. + HCI Mol. Wt. 189.65 
Dopamine hydrochloride is a white, odorless crystalline powder, freely soluble in water and soluble in 
alcohol. It is sensitive to light, alkalis, iron salts and oxidizing agents. 
Each milliliter of sterile, pyrogen-free INTROPIN Injection contains 40 mg. of dopamine hydrochloride 
(equivalent to 32.96 mg. of dopamine base) in Water for Injection, USP, containing 1% sodium bisulfite 
as a preservative. 


ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in an increased cardiac 
output. INTROPIN produces less increase in myocardial oxygen consumption than isoproterenol and 
its use is usually not associated with a tachyarrhythmia. Clinical studies indicate that INTROPIN usually 
increases systolic and pulse pressure with either no effect or a slight increase in diastolic pressure. 
Total peripheral resistance at low and intermediate therapeutic doses is usually unchanged. Blood flow 
to peripheral vascular beds may decrease while mesenteric flow increases. INTROPIN has also been 
reported to dilate the renal vasculature presumptively by activation of a “dopaminergic’’ receptor. This 
action is accompanied by increases in glomerular filtration rate, renal blood flow, and sodium excretion. 
An increase in urinary output produced by dopamine is usually not associated with a decrease in 
osmolality of the urine. 


INDICATIONS: INTROPIN is indicated for the correction of hemodynamic imbalances present in the 
shock syndrome due to myocardial infarctions, trauma, endotoxic septicemia, open heart surgery, renal 
failure, and chronic cardiac decompensation as in congestive failure. 

Where appropriate, restoration of blood volume with a suitable plasma expander or whole blood 
should be instituted or completed prior to administration of INTROPIN. 

Patients most likely to respond adequately to INTROPIN are those in whom physiological parameters, 
such as urine flow, myocardial function, and blood pressure, have not undergone profound deteriora- 
tion. Multiclinic trials indicate that the shorter the time interval between onset of signs and symptoms 
and initiation of therapy with volume correction and INTROPIN, the better the prognosis. 


Poor Perfusion of Vital Organs — Urine flow appears to be one of the better diagnostic signs by which 
adequacy of vital organ perfusion can be monitored. Nevertheless, the physician should also observe 
the patient for signs of reversal of confusion or comatose condition. Loss of pallor, increase in toe 
temperature, and/or adequacy of nail bed capillary filling may also be used as indices of adequate 
dosage. Clinical studies have shown that when INTROPIN is administered before urine flow has di- 
Minished to levels approximately 0.3 ml./minute, prognosis is more favorable. Nevertheless, in a num- 
ber of oliguric or anuric patients, administration of INTROPIN has resulted in an increase in urine flow 
which in some cases reached normal levels. INTROPIN may also increase urine flow in patients whose 
output is within normal limits and thus may be of value in reducing the degree of pre-existing fluid 
accumulation. It should be noted that at doses above those optimal for the individual patient, urine 
flow may decrease, necessitating reduction of dosage. Concurrent administration of INTROPIN and 
diuretic agents may produce an adcitive or potentiating effect. 


Low Cardiac Output— Increased cardiac output is related to INTROPIN’s direct inotropic effect on the 
myocardium. Increased cardiac output at low or moderate doses appears to be related to a favorable 
prognosis. Increase in cardiac output has been associated with either static or decreased systemic 
vascular resistance (SVR). Static or decreased SVR associated with low or moderate increments in 
cardiac output is believed to be a reflection of differential effects on specific vascular beds with increased 
resistance in peripheral beds (e.g. femoral) and concomitant decreases in mesenteric and renal vas- 
cular beds, Redistribution of blood flow parallels these changes so that an increase in cardiac output 
is accompanied by an increase in mesenteric and renal blood flow. In many instances the renal fraction 
of the total cardiac output has been found to increase. Increase in cardiac output produced by INTROPIN 
is not associated with substantial decreases in systemic vascular resistance as may occur with isopro- 
terenol. 


Hypotension — Hypotension due to inadequate cardiac output can be managed by administration of low 
to moderate doses of INTROPIN, which have little effect on SVR. At high therapeutic doses, INTROPIN's 
alpha adrenergic activity becomes more prominent and thus may correct hypotension due to dimin- 
ished SVR. As in the case of other circulatory decompensation states, prognosis is better in patients 
whose blood pressure and urine flow have not undergone profound deterioration. Therefore, it is sug- 
gested that the physician administer INTROPIN as soon as a definite trend toward decreased systolic 
and diastolic pressure becomes evident. 

CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 

WARNINGS: INTROPIN should not be administered in the presence of uncorrected tachyarrhythmias 
or ventricular fibrillation. 

Do NOT add INTROPIN to any alkaline diluent solution, since the drug is inactivated in alkaline 
solution. 

Patients who have been treated with monamine oxidase (MAO) inhibitors prior to the administration 
of INTROPIN will require substantially reduced dosage. Dopamine is metabolized by MAO, and inhibi- 
tion of this enzyme prolongs and potentiates the effect of INTROPIN. The starting dose in such patients 
should be reduced to at least one-tenth (1/10) of the usual dose. 

Usage in Pregnancy — Animal studies have revealed no evidence of teratogenic effects from INTROPIN. 
In one study, administration of INTROPIN to pregnant rats resulted in a decreased survival rate of the 
newborn and a potential for cataract formation in the survivors. The drug may be used in Pregnant 
women when, in the judgment of the physician, the expected benefits outweigh the potential risk to 
the fetus. 

Usage in Children — The safety and efficacy of this drug in children has not been established. INTROPIN 
has been used in a limited number of pediatric patients, but such use has been inadequate to fully define 
proper dosage and limitations for use. Further studies are in progress. 

PRECAUTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN, hypovolemia should be fully 
corrected, if possible, with either whole blood or plasma as indicated. 

Decreased Pulse Pressure — |f a disproportionate rise in the diastolic pressure (i.e. a marked decrease 
in the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate should be de- 
creased and the patient observed carefully for further evidence of predominant vasoconstrictor activity, 
unless such an effect is desired 


Extravasation—INTROPIN should be infused into a large vein whenever possible to prevent the pos- 
sibility of extravasation into tissue adjacent to the infusion site. Extravasation may cause necrosis and 
sloughing of surrounding tissue. Large veins of the antecubital fossa are preferred to veins in the dor- 
sum of the hand or ankle. Less suitable infusion sites should be used only if the patient's condition 
requires immediate attention. The physician should switch to more suitable sites as rapidly as possible 
The infusion site should be continuously monitored for free flow. 


Occlusive Vascular Disease — Patients with a history of occlusive vascular disease (for example, 
atherosclerosis, arterial embolism, Raynaud's disease, cold injury, diabetic endarteritis, and Buerger's 
disease) should be closely monitored for any changes in color or temperature of the skin in the extrem- 
ities. If a change in skin color or temperature occurs and is thought to be the result of compromised 
circulation to the extremities, the benefits of continued INTROPIN infusion should be weighed against 
the risk of possible necrosis. This condition may be reversed by either decreasing or discontinuing 
the rate of infusion. 








IMPORTANT — Antidote for Peripheral Ischemia: To prevent sloughing and necrosis in ischemic 
areas, the area should be infiltrated as soon as possible with 10 to 15 mi. of Saline solution 
containing from 5 to 10 mg. of Regitine® (brand of phentolamine), an adrenergic blocking 
agent. A syringe with a fine hypodermic needle should be used, and the solution liberally 
infiltrated throughout the ischemic area. Sympathetic blockade with phentolamine causes 
immediate and conspicuous local hyperemic changes if the area is infiltrated within 12 hours. 
Therefore, phentolamine should be given as soon as possible after the extravasation is noted. 








Avoid Cyclopropane or Halogenated Hydrocarbon Anesthetics —Cyclopropane or halogenated hydro- 
carbon anesthetics increase cardiac autonomic irritability and therefore may sensitize the myocardium 
to the action of certain intravenously administered catecholamines. This interaction appears to be re- 
lated both to pressor activity and to beta adrenergic stimulating properties of these catecholamines. 
Therefore, as with certain other catecholamines, and because of the theoretical arrhythmogenic 
potential, INTROPIN should be used with EXTREME CAUTION in patients inhaling cyclopropane or 
halogenated hydrocarbon anesthetics. 

Careful Monitoring Required — Close monitoring of the following indices — urine flow, cardiac output 
and blood pressure — during INTROPIN infusion is necessary as in the case of any adrenergic agent. 
ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical evaluation of INTROPIN 
included ectopic beats, nausea, vomiting, tachycardia, anginal pain, palpitation, dyspnea, headache, 
hypotension, and vasoconstriction. Other adverse reactions which have been reported infrequently 
were aberrant conduction, bradycardia, piloerection, widened QRS complex, azotemia, and elevated 
blood pressure. 


DOSAGE AND ADMINISTRATION: 
WARNING: This is a potent drug: It must be diluted before administration to patient. 


Suggested Dilution— Transfer contents of one ampul (5 mi. containing 200 mg. INTROPIN) by aseptic 
technique to either a 250 ml. or 500 ml. bottle of one of the following sterile intravenous solutions: 
1) Sodium Chloride Injection, USP 5) Dextrose (5%) in Lactated Ringer's 


2) Dextrose 5% Injection, USP Solution 
3) Dextrose (5%) and Sodium Chloride 6) Sodium Lactate (1/6 Molar) 
(0.9%) Injection, USP Injection, USP 


4) 5% Dextrose in 0.45% Sodium 
Chloride Solution 


7) Lactated Ringer's Injection, USP 


These dilutions will yield a final concentration for administration as follows: 
250 ml. dilution contains 800 mcg./ml. of INTROPIN 
500 ml. dilution contains 400 mcg./mi. of INTROPIN 

INTROPIN has been found to be stable for a minimum of 24 hours after dilution in the sterile intra- 
venous solutions listed above. However, as with all intravenous admixtures, dilution should be made 
just prior to administration. 

Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline intravenous solutions, 
since the drug is inactivated in alkaline solution, 


Rate of Administration—INTROPIN, after dilution, is administered intravenously through a suitable 
intravenous catheter or needle. An i.v. drip chamber or other suitable metering device is essential for 
controlling the rate of flow in drops/minute. Each patient must be individually titrated to the desired 
hemodynamic and/or renal response with INTROPIN. In titrating to the desired increase in systolic 
blood pressure, the optimum dosage rate for renal response may be exceeded, thus necessitating a 
reduction in rate after the hemodynamic condition is stabilized.. 

Administration at rates greater than 50 mcg./kg./min. have safely been used in advanced circulatory 
decompensation states. If unnecessary fluid expansion is of concern, adjustment of drug concentration 
may be preferred over increasing the flow rate of a less concentrated dilution. 


Suggested Regimen: 

1. When appropriate, increase blood volume with whole blood or plasma until central venous pressure 
is 10 to 15 cm H,0 or pulmonary wedge pressure is 14-18 mm Hg. 

2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute INTROPIN in patients 
who are likely to respond to modest increments of heart force and renal perfusion. 

In more seriously ill patients, begin administration of diluted solution at doses of 5 mcg./kg./minute 
INTROPIN and increase gradually using 5 to 10 mcg./kg./minute increments up to 20 to 50 mceg./kg./ 
minute as needed. If doses of INTROPIN in excess of 50 mcg./kg./minute are required, it is suggested 
that urine output be checked frequently. Should urine flow begin to decrease in the absence of hypo- 
tension, reduction of INTROPIN dosage should be considered. Multiclinic trials have shown that more 
than 50% of the patients were satisfactorily maintained on doses of INTROPIN less than 20 mcg./kg./ 
minute. In patients who do not respond to these doses with adequate arterial pressures or urine flow, 
additional increments of INTROPIN may be employed in an effort to produce an appropriate arterial 
Pressure and central perfusion. 

3. Treatment of all patients requires constant evaluation of therapy in terms of the blood volume, aug- 
mentation of myocardial contractility, and distribution of peripheral perfusion. Dosage of INTROPIN 
should be adjusted according to the patient's response, with particular attention to diminution of estab- 
lished urine flow rate, increasing tachycardia or development of new dysrhythmias as indices for de- 
creasing or temporarily suspending the dosage. 

4. As with all potent intravenously administered drugs, care should be taken to control the rate of 
administration so as to avoid inadvertent administration of a bolus of drug. 

OVERDOSAGE: In case of accidental overdosage, as evidenced by excessive blood pressure elevation, 
reduce rate of administration or temporarily discontinue INTROPIN until patient's condition stabilizes. 
Since INTROPIN's duration of action is quite short, no additional remedial measures are usually neces- 
sary. If these measures fail to stabilize the patient's condition, use of the short-acting alpha adrenergic 
blocking agent, phentolamine, should be considered 


HOW SUPPLIED: 5 mi. ampuls containing 40 mg. dopamine HCI per milliliter. September, 1975 
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CELLULAR BRONCHIAL or 
ESOPHAGEAL SAMPLES 
WITHOUT SURGERY 











f 
Cellular samples from either the bronchus, lungs or esophagus, can | 
readily be obtained without surgery by using Mill-Rose brushing units. There ; 
are two models: one of a flexible nature and one more rigid. J 
Mill-Rose units can be used with rigid scopes, catheters, or flexible 
Bronchofiberscopes. The disposable brushes are maintained at the distal tip 
of the instrument where they can be easily removed. A convenient handle | 
permits the bending of the distal tip for precise brushing. 
With the Mill-Rose brushing units, samples can be obtained from areas 
previously not reachable with conventional instruments and at a minimum of 
trauma to the patient. 














as | BRONCHOFIBERSCOPE CLEANING KIT 
6 The Mill-Rose Bronchofiberscope Cleaning Kit includes 
| 





two nylon brushes to fit all Bronchofiberscope tubes 

snugly and assure maximum scrubbing action on both 

insertion and withdrawal. Brushes can be sterilized 

and re-used. Brushes are 2.3 and 3.2 mm. 

Entire kit is packed in sturdy case for only $10.00. 

Refills of ‘‘Milladine’® are available immediately 

eenscort from Mill-Rose in 4 oz., 16 oz. and 32 oz. bottles. 


pot 








Send me additional information on Bronchial and 

Esophageal unit. 

C] Send me literature on Mill-Rose Bronchofiberscope 
Cleaning Kits. 











For information, literature 
and prices, write to: 


the 


MILL-ROSE 
company 


7995 Tyler Blvd. 
Mentor, Ohio 44060 
Phone: 216-255-9171 


Name 





Hosp. or clinic: 





Address 
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the new improved model A-4000 


Pleur-evac 


e Allimmediate instructions for setup and 
operating are now printed directly on flat 
face 


e Only functional areas are visible, 
permitting quicker visual check of critical 
fluid levels 


e True double protection against loss of 
water seal is provided by new “fail-safe” 
baffled construction located above the 
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Instructions printed on face. 
Step-by-step instructions are 
explicitly marked at the points 
where filling and connections 
are made 

Locations of all components 
are designated 

References are made to 
enclosed label when more 
detail is required 


Only functional areas 
visible. 

Each chamber is color-coded 
and discrete. Within each 
chamber, the arms of the 
U-tube manometers and 
collection sections are 
discrete. The small arm and the 
large arm of the U-tube 
manometers are clearly 
delineated 

Calibrations in all chambers 
are clear-cut for maximum 
visibility 

Precautions are designated 
-Persistence of bubbling 


—Above-scale negativity 
-Air flow parameters 
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high negativity float valve 


e Computation of the pressure in the pleural 
cavity is now taken from the direct reading 
water-seal pressure scale and.the direct 
reading suction control pressure scale 


e Sturdier construction is made possible by 


new flat face 


True double protection. 

è |f excessively high negativity ıs 
induced and maintained 
(through“ milking” of tube with 
no relief), the pooling of water 
above the float valve will 
prevent the loss of that water 
into the Collection Chamber, 
thus maintaining the 
water-seal 


If excessively high negativity 
on inspiration causes the water 
to spurt up and the float valve 
cannot close completely, the 
rising jet strikes the baffle. The 
water then flows back down 
into the Water-Seal Chamber, 
maintaining the water-seal 


*Code No. A-4000 
Adult-Pediatric. Non-Metered 
U.S. Patents No. 3,363,626 
3,363,627, 3,559,647, 3,683,913 
and 3,853,128. Corresponding 
Patents and Patents Pending 
in Foreign Countries. 








There is no change inthe 
function of the three 
chambers: 


-Identical Chambers 
-Identical Setup 
-Identical Connections 
-Identical Code Number 
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For a demonstration at your 
hospital, contact your local 
representative or write: 


K 


Division of Deknatel, Inc. Queens Village, New York 11429 KRALE] 





EDITORIAL 


Tracheal Blood Supply 


Hermes C. Grillo, M.D. 


Surgeons are aware of the debts their science 
and craft owe to the basic sciences. Develop- 
ments in surgery also make demands for basic 
information that is not yet available or is at 
best incomplete. In response, new data must be 
developed or older information refined. The 
work of Boyden and associates [1], in providing 
detailed descriptions of the segmental anatomy 
of the lung, its bronchi, and the pulmonary ves- 
sels, was done in response to Wangensteen’s 
request for a seminar on the anatomy of segmen- 
tal pneumonectomy following Churchill and 
Belsey’s [2] demonstration of the reality of this 
concept. When the possibilities of extended 
tracheal resection with reconstruction by pri- 
mary anastomosis were reinvestigated, it be- 
came clear that mobilization techniques must 
take into account the delicate vascular anatomy 
of the trachea. General information was avail- 
able in anatomical textbooks, but the need for 
precise definition had not existed. This need 
occasioned the initial injection studies by Miura 
and Grillo [3], who explored the arterial blood 
supply of the upper trachea. 

Salassa, Pearson, and Payne (p 100, this issue) 
offer a detailed description of both the gross and 
microscopic vascular supply of the trachea. 
Using conventional techniques as well as clear- 
ing and microscopical dissection, they have 
provided us with an exhaustive description of 
this anatomy. The work is a classic and defini- 
tive study. Even in the ancient subject of gross 


From the Department of Surgery, Massachusetts General 
Hospital, Boston, MA 02114 


99 


anatomy, contemporary needs may point out 
deficiencies in accumulated knowledge. The 
gap must be filled by scholarly and precise work 
such as this. 

This is not a wholly academic project by any 
means. One of the great technical pitfalls of ex- 
tensive tracheal mobilization is destruction of 
the blood supply. The consequences may not be 
immediately obvious. The cartilaginous struc- 
ture of the trachea will hold sutures for a pro- 
longed period despite devascularization. A slow 
process of sloughing may occur, followed by 
stenosis which becomes evident only sometime 
after the attempted repair. I regret to say that in 
my clinical referral practice I have seen several 
examples of such surgical disaster which, I am 
certain, were the result of the original surgeon’s 
failure to understand or acknowledge this issue. 
Whereas prior observations of tracheal blood 
supply plus an empirical regard for preserving 
the supply have usually been sufficient to avoid 
this disaster, the current study from the Mayo 
Clinic provides us with the precision of informa- 
tion essential for surgeons working in this dif- 
ficult area. 
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Blood Supply of the Trachea 


John R. Salassa, B.S., Bruce W. Pearson, 


ABSTRACT Twenty-one human tracheal specimens 
were perfused and dissected, 10 with conventional 
techniques and 11 with clearing and microdissection 
techniques. The lateral pedicles of the trachea and 
esophagus induct vessels from the inferior thyroid, 
subclavian, supreme intercostal, internal thoracic, 
innominate, and superior and middle bronchial arter- 
ies. These vessels are interconnected along the lateral 
surface of the trachea by an important longitudi- 
nal vascular anastomosis. From the 2 lateral longitudi- 
nal anastomoses the lateral and anterior tracheal 
walls receive their blood supply through transverse 
segmental vessels that run in the soft tissues between 
the cartilages. These transverse vessels interconnect 
the longitudinal anastomoses across the midline and 
feed the submucosal capillary network that arborizes 
richly beneath the endotracheal mucosa. The tracheal 
cartilages receive nourishment from the capillary bed 
applied to their internal surface. The esophageal ar- 
teries and their subdivisions that supply the posterior 
membranous wall of the trachea contribute almost 
nothing to the circulation of the cartilaginous walls. 


Today, tracheal resective and reconstructive 
procedures have become common enough that a 
description of the human tracheal blood supply, 
more detailed than those given in standard 
anatomy texts [1, 2, 8], is needed. Faced with 
this problem, Miura and Grillo [5], using 
roentgenograms of specimens injected with ra- 
diopaque medium, studied the contribution 
of the inferior thyroid artery to the cervical 
trachea. They found that the inferior thyroid 
artery supplied the cervical portion of the 
trachea, usually through three branches, the 
lowest of which is dominant in most instances. 
We found no other definitive studies of the 
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human tracheal blood supply. Tracheal vessels 
are mentioned only briefly in Swigart and as- 
sociates’ description [7] of the esophageal blood 
supply and in Michalewski’s study [4] of the 


bronchial arteries. 
Our study supplies new information about 


the blood supply to the human trachea, includ- 
ing the origin of the tracheal arteries, their seg- 
mental distribution, gross anastomoses, and the 
tracheal microscopical blood supply. 


Methods 


Eleven fresh laryngotracheal postmortem 
specimens were suspended in saline at 50°C and 
perfused with a bright red colloidal suspension 
of radiopaque medium (Colorpaque) in 5% gela- 
tin through the inferior and superior thyroid 
arteries. After cooling and fixation, the speci- 
mens were dehydrated and cleared in toluene. 
They were sectioned in the midsagittal plane 
and immersed in silicone fluid (Dow Corning 
710) for study with the aid of a Zeiss operating 
microscope. The immersed specimens were dis- 
sected from the luminal side and from the exter- 
nal tracheal surface. Twelve hemispecimens 
were subsequently embedded in celloidin, se- 
rially thick-sectioned at 2 mm (some trans- 
versely, others coronally), and studied under 
higher-power magnification to allow further col- 
lation of the pathways taken by vessels within 
the tracheal walls. 

Ten additional laryngotracheal postmortem 
specimens were removed with a sufficient vol- 
ume of surrounding tissue to permit study of the 
vessels approaching the trachea. Each specimen 
included the larynx, trachea, roots of the main 
bronchi, strap muscles, thyroid, pharynx, 
esophagus, great vessels, and superior medias- 
tinal soft tissues. The specimens were flushed 
with embalming fluid, cannulated, immersed in 
gelatin, and injected through the subclavian and 
superior thyroid arteries after the gelatin had 
firmed. After fixation, gross dissection was car- 
ried out. Suitable hemiinjection specimens were 
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obtained in 17 instances. Three hemispecimens 
were unsuitable because of technical defi- 
ciencies. 


Results 


The trachea begins at the lower border of the 
cricoid cartilage, 5 cm above the jugular notch, 
and runs inferior and posterior, ending at the 
tracheal bifurcation, 6 cm below the jugular 
notch. In the anatomical position, a cervical por- 
tion (upper 5 cm) and a thoracic portion (lower 6 
cm) of the trachea are recognized. 


Blood Supply of the Cervical Trachea 

THE INFERIOR THYROID ARTERY. The cervical 
trachea received its blood supply primarily from 
branches of the inferior thyroid artery that run 
in a medial direction behind the lower part of 
the common carotid artery. In the most common 
pattern (9 of 17 inferior thyroid arteries studied), 
3 branches arose at various distances along 
the length of the artery, passed posterior to 
the carotid sheath, and approached the 
tracheoesophageal column laterally (Fig 1). Each 
branch divided terminally into tracheal and 
esophageal branches. The tracheal branches 
traveled anterior or posterior to the recurrent 
laryngeal nerve or on both sides of it. 

The first of the tracheoesophageal branches 
arose from the proximal half of the inferior 
thyroid artery, supplied the lowest portion of 
the cervical trachea, and gave only minor or no 
contributions to the esophagus. The second 
branch of the inferior thyroid artery supplied 
the trachea between the first and third branches 
and gave substantial contributions to the 
esophagus. The third branch arose at the site 
where the inferior thyroid artery penetrates the 
posterior aspect of the thyroid gland. This 
branch supplied the uppermost ends of the 
trachea and the esophagus. 

In 6 of 17 inferior thyroid arteries studied, 
only 2 tracheoesophageal branches were found 
(Fig 2). This pattern was otherwise identical to 
the most common pattern previously men- 
tioned. In 2 of the 17 inferior thyroid arteries, a 
single vessel supplied the upper cervical 
trachea. The lower cervical trachea was depen- 
dent upon anastomoses between this single ves- 
sel and the blood supply of the thoracic trachea. 






Costocervica/ 
trunk 


Supreme 
intercostal a. 


Internal 
thoracic a. 


Lat longitudinal 
anastomosis 


Sup. bronchial a. 
| Middle bronchial a. 


Fig 1. Left anterior view of vessels supplying the 
trachea. In this specimen the lateral longitudinal 
anastomosis links branches of the inferior thyroid, 
costocervical trunk, and bronchial arteries. 


THE SUBCLAVIAN ARTERY. In 2 specimens a 
tracheoesophageal branch from the subclavian 
artery supplied the lower cervical trachea (see 
Fig 2). This branch arose from the subclavian 
artery proximal to and separate from the origin 
of the thyrocervical trunk. The distribution of 
this branch was similar to that of the first branch 
of the inferior thyroid artery (see Fig 1). In each 
instance the inferior thyroid artery gave rise to 
only 2 tracheoesophageal branches. 

THE SUPERIOR THYROID ARTERY. The superior 
thyroid artery gave no direct branches to the 
trachea. However, it anastomosed with the in- 
ferior thyroid artery in and around the thyroid 
gland and partially filled the bed supplied by the 
inferior thyroid artery in specimens in which 
the inferior thyroid artery was not perfused. 


Blood Supply of the Thoracic Trachea 


The blood supply of the thoracic trachea was 
more variable than that of the cervical trachea 
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Fig 2. Right anterior view of vessels supplying the 
trachea. In this specimen the lateral longitudinal 
anastomosis links branches from the inferior thyroid, 
the subclavian, the internal thoracic, and the 
superior bronchial arteries. 


and arose from a greater number of arteries. It 
was constant only at the extreme distal trachea, 
which was always supplied by the bronchial 
arteries. The rest of the blood supply derived 
from the innominate-subclavian system. Tra- 
cheal arteries arose from the supreme inter- 
costal artery in 6 specimens, a subclavian artery 
in 5, the right internal thoracic (mammary) ar- 
tery in 2, and the innominate artery in 3. 

BRONCHIAL ARTERIES. The superior or mid- 
dle (or both) bronchial arteries supplied the ex- 
treme distal end of the trachea in all specimens 
(see Figs 1, 2). 

The superior bronchial artery arose from the 
right posterior surface of the proximal descend- 
ing aorta in line with the right intercostal ar- 
teries (Fig 3) and divided into 2 branches. One 
branch passed posteriorly, behind the 
esophagus, to the right bronchus. A second 
branch, which traveled anteriorly to the left side 
of the esophagus and trachea, frequently as- 
cended a short distance and then passed an- 
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Fig 3. Posterior view of bronchial vessels supplying 
the carina. In this specimen the anterior branch of the 
superior bronchial artery and main trunk of the 
middle bronchial artery supply the lower thoracic 
trachea. 


teriorly over the base of the left main bronchus 
to the carina. The anterior branch supplied the 
carinal and paratracheal nodes and anastomosed 
with the middle bronchial artery below and the 
thoracic tracheal vessels above. 

The middle bronchial artery arose just below 
the superior bronchial artery and ran anteriorly 
along the left side of the esophagus to the left 
bronchus. This artery traveled around the me- 
dial aspect of the left bronchus and, in 3 in- 
stances, formed a major anastomosis at the 
carina with the superior bronchial and higher 
thoracic tracheal vessels. In 1 specimen, in 
which the superior bronchial artery did not 
supply the trachea (absent anterior branch), the 
middle bronchial artery anastomosed directly 
with higher thoracic tracheal vessels. 

The inferior (left) bronchial artery, when pres- 
ent, was severed when specimens were taken 
from the cadavers; therefore, it was assumed 
that it reached the bronchi distal to the tissue 
block. An indirect contribution to the lower 
trachea, by way of anastomoses from the inferior 
bronchial artery, thus could not be excluded. 

SUPREME INTERCOSTAL ARTERY. Tracheo- 
esophageal arteries arose from the right su- 
preme intercostal artery in 4 specimens and from 
the left supreme intercostal artery in 2. In 5 
specimens this branch arose from the proximal 
centimeter or the base of the supreme intercostal 
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artery (see Fig 1). In 1 specimen the right su- 
preme intercostal artery gave 4 branches from its 
proximal 5 cm; the first 2 supplied the trachea, 
and the last 2, the esophagus. 

The branch or branches from the supreme 
intercostal artery descended obliquely in the 
lateral wall of the superior mediastinum, ap- 
proached the tracheoesophageal column later- 
ally, and divided into esophageal and tracheal 
branches. The tracheal branches passed anterior 
to, posterior to, or on both sides of the recurrent 
laryngeal nerve and, in lower segments, the 
right vagus. 

SUBCLAVIAN ARTERY. The subclavian artery 
gave rise to a single tracheal vessel in 3 speci- 
mens and to 2 tracheal vessels in 1 specimen. 
This artery supplied areas in the lower two- 
thirds of the trachea (see Fig 2). It arose from the 
subclavian artery before the origin of the verte- 
bral artery, passed through the posterolateral 
superior mediastinum, and approached the 
tracheoesophageal column laterally. Distally, 
this artery gave off small branches to the 
esophagus before it entered the trachea. In 1 
specimen no esophageal branches arose. The 
relationship to the recurrent laryngeal nerve was 
variable. 

RIGHT INTERNAL THORACIC ARTERY. The 
right internal thoracic (internal mammary) ar- 
tery gave origin to tracheal branches in 2 speci- 
mens (see Fig 2). These branches arose from the 
first 3 cm of the internal thoracic artery, passed 
through the superior mediastinal tissues, ap- 
proached the tracheoesophageal column later- 
ally, and entered the lateral wall of the lower 
trachea. Tracheal and esophageal divisions were 
present. This artery was present only in the ab- 
sence of a tracheal branch from the ipsilateral 
supreme intercostal artery (see Fig 2). 

INNOMINATE ARTERY. A branch to the mid- 
dle and lower thoracic trachea arose from the 
posterior surface of the innominate artery in 3 
specimens. This branch was small compared 
with other tracheal arteries. In 2 specimens it 
passed directly posterior and inferior to enter 
the right lateral trachea. In 1 specimen the vessel 
passed posterior and inferior and entered the 
left lateral trachea. In all specimens this artery 
supplied only the trachea. 


OTHER ARTERIES. No tracheal branches were 
found to arise from the common carotid artery, 
the vertebral artery, or directly from the arch of 
the ascending aorta. There was no consistent 
difference between the blood supplies of the 
right and left sides of the trachea. 


Microscopical Blood Supply 


In brief review, segmental tracheoesophageal 
vessels arose from the inferior thyroid arteries (1 
to 3 branches), the supreme intercostals, the 
subclavians, the right internal thoracic, and the 
superior and middle bronchial arteries. Lateral 
to the tracheoesophageal groove these major 
vessels divided into primary tracheal and pri- 
mary esophageal branches (Fig 4). The primary 
tracheal branches passed directly to the lateral 
tracheal wall, contacting it about 0.7 to 1.5 cm 
anterior to the tracheoesophageal groove. The 
primary esophageal branches frequently sent off 
smaller secondary tracheal twigs to the posterior 
tracheal wall before they reached the esophagus. 

THE LATERAL LONGITUDINAL ANASTOMOSIS. 
The primary tracheal arteries branched up and 
down over 3 or 4 interspaces on the lateral aspect 
of the trachea. In so doing, they connected with 
the primary tracheal arteries from above and 
below. This produced an important, sometimes 
irregular, but complete longitudinal tracheal 
anastomosis on the lateral wall of the trachea 
(see Figs 1, 2). This lateral longitudinal tracheal 
anastomosis was present in 14 of 17 gross 
hemisections studied. Its caliber was similar to 
that of the primary tracheal arteries it connected 
(approximately 1 to 2 mm in diameter). 

THE TRANSVERSE INTERCARTILAGINOUS AR- 
TERIES. Each soft tissue space between the 
tracheal cartilages received intercartilaginous 
arteries from the lateral longitudinal anas- 
tomoses. These arteries ran anteriorly, then me- 
dially to sink deeper and deeper into the tracheal 
wall (see Fig 4). By the time they reached the 
anterior midline to anastomose with the arteries 
from the opposite side, they had reached the 
submucosa. Smaller intercartilaginous arteries 
turned posteriorly from the lateral longitudinal 
tracheal anastomoses and ended at the junction 
of the cartilaginous and membranous tracheal 
walls. We were unable to demonstrate meaning- 
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Fig 4. Semischematic view of the tracheal 
microscopical blood supply. Transverse 
intercartilaginous arteries derived from the lateral 
longitudinal anastomosis penetrate the soft tissues 
between each cartilage to supply a rich vascular 
network beneath the endotracheal mucosa. 


ful linkage between these smaller posterior 
transverse intercartilaginous arteries and the 
secondary tracheal twigs that stemmed from the 
primary esophageal vessels (see Fig 4). Thus, in 
the soft tissues between each cartilage, a small 
transverse intercartilaginous artery was found. 
Often there were 2 such arteries running side by 
side. From these vessels the entire blood supply 
of the lateral and anterior tracheal walls was 
derived. 

The posterior tracheal wall was supplied by 
the secondary tracheal twigs from the primary 
esophageal vessels. Longitudinal anastomoses 
from one level to another in the muscular poste- 
rior tracheal wall were well developed. They 
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were intimately adherent to the posterior wall 
and spanned several segments. 

A rich and completely interanastomotic capil- 
lary bed was present throughout the entire en- 
dotracheal submucosa. The high-power micro- 
scopical appearance resembled a large expanse of 
chicken wire, the segmental or linear orientation 
of larger vessels being completely lost. In the 
anterior and lateral tracheal walls this sub- 
mucosal capillary plexus was supplied by 4 or 5 
short feeder vessels from each transverse inter- 
cartilaginous artery. The submucosal capillary 
bed was intimately related to the endotracheal 
surface of the tracheal cartilages. Until this 
point, the tracheal cartilages had been bypassed 
by the blood vessels penetrating its walls. There 
were no important capillary plexi on the external 
surface of the tracheal cartilages. In the posterior 
membranous tracheal wall this submucosal 
capillary plexus was supplied by feeder vessels 
from the secondary tracheal twigs. 
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Comment 


Our findings support those of Miura and Grillo 
[5], that the cervical trachea is supplied primar- 
ily by branches of the inferior thyroid artery, 
and those of Michalewski [4], that the superior 
and middle bronchial arteries supply branches 
to the trachea and tracheobronchial lymph 
nodes. Swigart and colleagues [7], in their study 
of the blood supply to the esophagus, men- 
tioned tracheal vessels only incidentally. They 
stated that the internal mammary, costocervical 
trunk, and subclavian arteries are each a source 
of an exceptional esophageal (tracheal) artery. 
We found that tracheoesophageal branches from 
these vessels are not exceptional but are fre- 
quent, variable, multiple, and bilateral. 

We found no studies describing the micro- 
scopical blood supply of the human trachea. 
Sobin and associates’ description [6] of the 
tracheal microscopical blood supply in mam- 
mals does not apply to man. The fine but impor- 
tant longitudinal anastomoses along the lateral 
tracheal wall are better developed in cats and 
dogs than they are in man (examples of 
which—Fig 5—we have studied in our labora- 
tory); consequently these animals may tolerate 
larger degrees of experimental tracheal 
mobilization. 


Lateral Pedicles 
One of the aims of our study was to understand 
better the nature and contents of the “lateral 
tracheal pedicles” referred to by Grillo [3]. We 
found that the lateral pedicle consisted of an 
irregular sheet of connective tissue passing from 
the deep surface of the aorta and the innominate 
and subclavian arteries, and bearing branches 
from the thyrocervical, costocervical, subcla- 
vian, and internal thoracic arteries to the 
tracheoesophageal structures. Distally, this 
short lateral vascular pedicle splits to supply the 
trachea and esophagus. It extends the entire 
length of the trachea and bears 3 to 7 primary 
tracheal arteries. The recurrent laryngeal nerves 
and, in lower tracheal segments, the descending 
trunk of the right vagus lie enmeshed in the 
terminal ramifications of this pedicle. 

The esophageal and tracheal blood supplies 
are similar, but the trachea can be separated 





Fig 5. Blood supply of a cleared cat trachea. In the cat 
trachea the longitudinal and transverse vessels are 
exceptionally well defined: transverse 
intercartilaginous artery (A); cleared cartilage (B); 
lateral longitudinal anastomosis (C). 


from the esophagus without serious injury to 
the tracheal blood flow, because the trache- 
oesophageal blood supply in the lateral pedi- 
cles splits and runs separately to each organ 
instead of to the esophagus and then to the 
trachea. The few twigs that do run such a course 
contribute to the posterior tracheal wall only. 
Their loss is tolerable because of the rich lon- 
gitudinal blood supply in the posterior muscular 
wall. Collateral vessels from the larynx and 
bronchi, and perhaps the endotracheal sub- 
mucosal plexus, appear to be sufficient to supply 
this longitudinal system of the posterior wall 
when the esophagus is freed completely from 
the trachea. 


Arterial Anastomoses 


There are five areas of anastomosis in the 
tracheal blood supply: (1) the lateral longitudi- 
nal anastomosis links the segmental primary 
tracheal vessels along the lateral tracheal walls; 
(2) the transverse intercartilaginous arteries 
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unite the circulation of the right and left sides; 
(3) the tracheoesophageal arteries in the lateral 
pedicles connect the esophageal and tracheal 
circulations by virtue of their common deriva- 
tion; (4) anastomoses in and around the thyroid 
gland supplement the circulation to the cervical 
trachea, with contributions from the superior 
thyroid artery; and (5) the rich anastomoses in 
the paracarinal nodes interconnect the circula- 
tion of the upper thoracic trachea with the 
superior, the middle, and possibly the inferior 
bronchial arteries. 


Cartilages 

The ability of the trachea to remain patent de- 
pends upon the integrity of the supporting 
tracheal cartilages. Interestingly, the cartilagi- 
nous portions of the trachea (lateral and anterior 
walls) have a blood supply independent from 
that of the muscular posterior tracheal wall. The 
tracheal cartilages seem to depend on diffusion 
from the submucosal capillary plexus on their 
luminal aspect for their nutrition. There is no 
major capillary plexus on the external surface of 
the trachea. Thus intraluminal compression of 
the tracheal mucosa leaves the underlying carti- 
lage essentially devoid of nutrition and highly 
susceptible to ischemic necrosis. 


Operative Applications 


For the surgeon who seeks to preserve the 
tracheal blood supply during tracheal mobiliza- 
tion procedures, we suggest that the following 
five principles be considered in conjunction with 
the location of the lesion and the extent of 
mobilization and resection required. First, and 
most important, is Grillo’s admonition to leave 
the lateral vascular pedicles intact. This broad 
sheet could be buttonholed by blunt dissection 
if necessary, but division, particularly close to 
the lateral tracheal wall, is inadvisable. Second, 
anterior dissection may be done close to the 
cervical trachea without compromising the 
blood supply. Lower in the thoracic trachea, 
however, the blood supply is more anteriorly 
disposed (and the trachea more posteriorly di- 
rected). Close dissection of the paratracheal tis- 
sues and the carinal and pretracheal lymph 
nodes will sacrifice potential anastomoses be- 


tween bronchial vessels and tracheal vessels de- 
scending from the subclavian system. Third, the 
trachea may be freed from the aorta by severing 
the bronchial arteries, but the circulation of the 
distal trachea will then depend on the integrity 
of the tracheal vessels from the subclavian sys- 
tem and the lateral longitudinal anastomoses 
adherent to the lateral tracheal wall. Fourth, if 
the cervical trachea is mobilized and not re- 
sected, the thyroid gland should, if possible, be 
left in contact with the trachea. The contribution 
from the most superior branch of the inferior 
thyroid artery, as well as numerous tiny vessels 
passing directly from the thyroid gland to the 
trachea, will be preserved. Fifth, the esophagus 
may be separated from direct contact with the 
trachea without compromising tracheal vascu- 
larity, provided the approach is not through 
the lateral pedicles. During segmental tracheal 
resection the posttracheal space is accessible 
from above and below after the resected seg- 
ment has been removed. 

The variations among patients in their ability 
to tolerate circumferential tracheal mobilization 
may depend on the integrity of the lateral lon- 
gitudinal tracheal anastomosis. This system is 
variable among normal persons and may be 
compromised in patients whose trachea or para- 
tracheal regions have been injured or scarred 
(that is, after transmural tracheal necrosis, 
mediastinitis, or a previous paratracheal opera- 
tion. However, should the longitudinal system 
remain intact, the loss of a few of the primary 
tracheal arteries may be tolerable in view of the 
numerous and interanastomotic vessels feeding 
into the system. 


Conclusions 


Nutrition of the tracheal cartilages is dependent 
on preservation of the lateral tracheal vascular 
pedicles. The lateral pedicles are derived from 
branches of the inferior thyroid, supreme inter- 
costal, subclavian, internal mammary, innomi- 
nate, and bronchial arteries. These vessels inter- 
connect along the lateral tracheal wall to form an 
important longitudinal tracheal anastomosis. 
From this anastomosis, the transverse intercar- 
tilaginous arteries of each tracheal interspace 
area are derived. These transverse intercar- 
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tilaginous arteries in turn give rise to a continu- 
ous submucosal capillary plexus. Connections 
from the posterior tracheal wall to the cartilagi- 
nous wall exist only through the submucosal 
capillary plexus. The tracheal cartilages and 
their support of the tracheal wall ultimately de- 
pend on the integrity of the submucosal tracheal 
capillary plexus. 


References 


1. Gardner ED, Gray DJ, O'Rahilly R: Anatomy: A 
Regional Study of Human Structure. Fourth edi- 
tion. Philadelphia, WB Saunders Company, 1975 

2. Grant JCB: An Atlas of Anatomy; by Regions: 
Upper Limb, Abdomen, Perineum, Pelvis, Lower 
Limb, Vertebrae, Vertebral Column, Thorax, Head 
and Neck, Cranial Nerves, and Dermatomes. Sixth 
edition. Baltimore, Williams & Wilkins Company, 
1972 

3. Grillo HC: Reconstruction of the trachea: experi- 
ence in 100 consecutive cases. Thorax 28:667, 1973 

4. Michalewski K: Topography of the bronchial 
branches of the aorta. Folia Morphol (Warsz) 
28:417, 1969 

5. Miura T, Grillo HC: The contribution of the in- 
ferior thyroid artery to the blood supply of the 
human trachea. Surg Gynecol Obstet 123:99, 1966 

6. Sobin SS, Frasher WG Jr, Tremer HM, et al: The 
microcirculation of the tracheal mucosa. Angiol- 
ogy 14:165, 1963 


7. Swigart LL, Siekert RG, Hambley WC, et al: The 
esophageal arteries: an anatomic study of 150 
specimens. Surg Gynecol Obstet 90:234, 1950 

8. Warwick R, Williams PL: Gray’s Anatomy. 35th 
edition. Philadelphia, WB Saunders Company, 
1973 


Discussion 


DR. WILLIAM E. NEVILLE (Newark, NJ): This paper 
points out the necessity of preserving as much of the 
blood supply to the proximal and distal segments as 
possible in order to obtain a permanent adequate 
airway. 

We recently reported our experimental data (in the 
Journal of Thoracic and Cardiovascular Surgery) re- 
garding the feasibility of homologous tracheal trans- 
plants. Our results showed that a five-ring transplant 
inevitably failed within a short time from dissolution 
of the cartilaginous rings. Although three-ring trans- 
plants were successful, the cartilaginous rings were 
again dissolved, but the proximal and distal anas- 
tomoses were pulled together because of the short 
distance. However, when the trachea was transected 
proximally and distally over a ten-ring segment, with 
the blood supply left intact along the membranous 
portion and the tracheal ends then resutured, the car- 
tilage was not dissolved. 

Our experiments corroborate observations from the 
Mayo Clinic that long segments of the trachea must 
not be denuded when a primary anastomosis is per- 
formed. 


Gastroesophageal Reflux 


and Ascorbic Acid Insufficiency 


Clement A. Hiebert, M.D. 


ABSTRACT The incidental discovery of scurvy ina 
patient with a symptomatic hiatal hernia has led to 
the identification of 9 other individuals with chemi- 
cally proved vitamin C deficiency secondary to an 
expressed aversion to “acid” food in any form. These 
patients were screened with capillary fragility tests 
and serum ascorbic acid determinations from approx- 
imately 200 hiatal hernia and reflux patients. With 
resumption of a normal vitamin C intake, scattered 
deficiency symptoms disappeared and both capillary 
fragility tests and serum ascorbic acid levels returned 
toward normal. There were no wound healing prob- 
lems. 


The chance recognition in 1967 of a scorbutic 
rash in a patient with a symptomatic hiatal her- 
nia has led to the identification of 9 other in- 
stances of ascorbic acid deficiency resulting 
from aversion to “acid” food in any form. 


Case Report 
Patient 1, a 47-year-old phlegmatic retired Army 
major had complained of heartburn, regurgita- 
tion, and dysphagia for fifteen years. His medi- 
cal record showed that several efforts had been 
made to dilate a lower esophageal ring, but swal- 
lowing continued to be distressed, and he com- 
plained of “burning, tightening, and sticking” 
in the subxiphoid area. He appeared mentally 
depressed. (Years later he indicated he had been 
considering suicide for no remembered reason.) 
Incidental to physical examination, the skin 
over the upper portion of the right calf was noted 
to be erythematous (Fig 1). He commented that 
the change in skin color was a predictable sequel 
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to being seated with his legs crossed for a spell 
while waiting for his doctor to appear. The rash 
did not blanch on pressure and was seen to 
consist of myriad punctate hemorrhages, each 
one surrounding a hair follicle. Initial reluctance 
to accept the possibility of this being scurvy was 
erased when the patient conceded that his diet 
for much of the last decade had been soft peanut 
butter, mashed potatoes, and bland baby food. 
Acid food such as fruit and fruit juices were an 
anathema. He took no vitamins. 

The patient’s history was pursued with a new 
bias. He admitted that his skin itched and 
bruised after minimal trauma. As a security of- 
ficer in Korea, he had once been bitten on the left 
wrist, and his entire forearm had turned purple. 
Within the previous year a superficial scalp lac- 
eration had taken six weeks to heal. His gums 
bled whenever he brushed his teeth. Inspection 
of the mouth confirmed the presence of hemor- 
rhagic and inflamed gingival margins, from 
which blood trickled when touched with a 
tongue depressor (Fig 2). The capillary fragility 
test was strongly positive. A low plasma ascor- 
bic acid level of 0.63 mg per 100 ml was recorded 
(normal, > 0.7 mg/100 ml). (We were then ig- 
norant of the possibility of verifying suspected 
vitamin C deficiency with cellular ascorbate 
measurements.) 

An upper GI series showed a small, sliding 
hiatal hernia with a 5 mm Schatzki ring. When 
viewed endoscopically, the lower 10 cm of gullet 
was reddened and bled on touch but was not 
primarily ulcerated. A biopsy was not taken. No 
narrowing could be visualized, and the scope 
passed into the stomach without discernible re- 
sistance. 

An esophageal perfusion study (Bernstein 
test) was positive, and a swallow of viscous 
xylocaine ameliorated the patient’s substernal 
burning. The hemoglobin was 15.3 gm. 

The patient was treated with ascorbic acid, 
100 mg daily. Within two weeks his capillary 
fragility test produced only 12 petechiae in a 2.5 
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Fig 1. Spontaneous capillary fragility test. 
Perifollicular hemorrhagic rash on calf after sitting 
with legs crossed for 30 minutes (Patient 1). 


r 


cm circle as opposed to “too many to count 
before treatment. Gums ceased to bleed and 
limbs to bruise. After two months of treatment 
he was consuming a varied diet, including acid 
food. He said that he now felt normally fit and 
declined the offer of an operation to restore 
competency to his gastroesophageal junction. In 
1970 he underwent abdominoperineal resection 
for rectal cancer and made an uneventful recov- 
ery. During the ensuing years routine roentgen- 
ograms, displaying the original ring and hiatal 





Fig 2. Hemorrhages in gingival margin of left lower 
incisor and bicuspid teeth (Patient 1). 


hernia, have been taken. Only one further dila- 
tion has been required, that being done more or 
less prophylactically on the ninth anniversary of 
his first office visit. His capillary fragility test (6 
petechiae) has remained normal though his 
serum ascorbic acid level is still borderline (0.5 
to 0.7 mg/100 ml). 


Method of Subsequent Study 

Since 1969, all patients with symptoms of 
gastroesophageal reflux, peptic stricture, 
esophageal spasm, or disordered motor activity 
have been questioned for dietary eccentricities 
and scrutinized for clinical stigmata of ascorbic 
acid deficiency. Individuals with suspicious 
history or findings are then screened with a 
capillary fragility test. The upper arm sphyg- 
momanometer cuff is inflated midway between 
systolic and diastolic pressures for five minutes, 





Fig 3. Strongly positive capillary fragility test, with 
more than 100 petechiae in a 2.5 cm circle (normal, < 
12). 
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Principal Findings in 10 Patients 





Capillary Fragility* 


Serum Ascorbic Acid? WBC Ascorbic 





Patient ; i Deficiency Pretreat- Posttreat- Pretreat- Posttreat- Acid Level 
Diagnosis Symptoms ment ment ment ment before Treatment* 
1 Hiatal hernia, Bruising, Florid 6 0.63 0.5-0.7 
ring bleeding, >300 
scaly skin, slow 
wound healing, 
depression 
2 Reflux without Easy bruising, 40 9 0.5 19 
hiatal hernia mental changes, 
fatigue 
3 Reflux after 50 11 0.62 0.9 
hernia repair 
4 Hiatal hernia, 26 2 0.6 1.1 0.7 mg 
esophagitis 
5 Hiatal hernia, Easy bruising 130 18 0.2 1.0 0.5 
esophagitis 
6 Hiatal hernia Neuropathy 300 1.2 0.9 0 mg 
7 Hiatal hernia, Easy bruising, 120 " 0.7 3 2 
CA esophagus purpura 
8 Hiatal hernia, Depression, 100 42 0.3 0.6 14 
esophagospasm, joint swelling 
esophagitis 
9 Reflux only Easy bruising >12 8 0.7 1.0 
10 Hiatal hernia, Easy bruising, 40 24 0.2 0.8 
ring mental changes 





a Normal values: capillary fragility, <12; serum ascorbic acid, >0.7 mg/100 ml; WBC level before treatment, 25-35 mg/100 gm. 


>Patient died; posttreatment findings unavailable. 


after which the number of petechiae in a 2.5 cm 
circle of antecubital skin is counted. The pres- 
ence of 12 or more petechiae is considered a 
positive result (Fig 3). Such individuals sub- 
sequently have had blood samples assayed for 
ascorbic acid [4]. In several instances, tissue 
stores have been determined by the method of 
Baker and Frank [1]. 

Patients deficient in vitamin C are given as- 
corbic acid, generally 50 to 100 mg daily. When 
patients are capable of accepting a normal diet, 
vitamin supplements are discouraged. Treat- 
ment for esophageal problems is based on usual 
criteria. 


Results 


Twenty-two of approximately 200 patients with 
hiatal hernia or gastroesophageal reflux had a 
dietary history suggesting vitamin C depriva- 
tion. They were screened with capillary fragility 
tests. Of the 17 who had a positive result, 9 had 
serum ascorbic acid levels between 0.2 and 0.7 
mg per 100 ml (normal, > 0.7 mg/100 ml). Atenth 
patient (Patient 6 in the Table) with a florid 
capillary fragility test and an apparently normal 
serum ascorbic acid level of 1.2 mg per 100 ml, 
was included in the study when her cellular as- 


corbic acid was found to be zero. (One other 
patient with a serum level of 0.1 mg per 100 ml is 
not included because of incomplete data.) 

In 5 instances when tissue stores were mea- 
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Tourniquet Tests in 
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Fig 4. Capillary fragility test results before and after 
ascorbic acid treatment. 
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Ascorbic Acid Levels 
Pre R and Post R 











Pre Post Ry 


Fig 5. Ascorbic acid levels before and after treatment. 
Normal > 0.7 mg/100 ml. The contradictory 

line is almost certainly spurious. Initial cellular 
ascorbate in this patient (No. 6) was zero. 


sured, levels ranged from 0 to 14 mg per 100 gm of 
white cells (normal, 25-35 mg/100 gm). All but 1 
patient had severe gastroesophageal reflux, 
which was complicated in 3 by esophagitis, in 1 
by esophagospasm, and in another by 
esophageal cancer. 

While only Patient 1 was classically scorbutic, 
several others exhibited isolated symptoms of 
easy bruising, mental changes, and peripheral 
neuropathy. Ascorbic acid and dietary treat- 
ment reversed capillary fragility tests and ascor- 
bic acid levels (Figs 4, 5) and resulted in im- 
provement, if not outright elimination of symp- 
toms ascribed to the deficiency. A prominent 
exception was Patient 8, who had uncorrected 
diffuse spasm of the esophagus, for which rea- 
son she continues to limit her ingestion of food 
containing vitamin C. 

A total of 9 patients underwent operation. 
There were no wound healing problems. 


Comment 


While only the initial patient had clinical scurvy, 
the remainder of the group exhibited an occa- 
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sional clue; the most frequent was evidence of 
fragile capillaries. Consistent reversal of this 
sign following ascorbic acid ingestion was strik- 
ing and suggests that the tourniquet test may be 
a more valuable screening examination than had 
been supposed [2]. 

Similarly, normalization of the serum ascorbic 
acid level after treatment seems to support the 
validity of the diagnosis. Serum levels, how- 
ever, do not necessarily reflect total body re- 
serves [1, 2], being analogous in this respect to 
serum potassium values as opposed to intracel- 
lular stores. Measurement of tissue ascorbate is 
now possible and remains the definitive labora- 
tory test. It requires 100 to 200 mg of packed 
washed leukocytes, the routine securing of 
which, however, has posed some technical 
problems. 

An interesting speculation is whether the 
dramatic improvement in reflux symptoms ex- 
perienced by Patient 1 was the result of a salu- 
brious effect on the esophageal mucosa, nerve 
supply, or lower sphincter, or merely a reflection 
of his overall enhanced sense of well-being. 
Esophageal biopsies before and after treatment 
in Patient 8 were examined by light microscopy 
and showed no alteration of the grade I nonul- 
cerated esophagitis. 

The study of human scurvy can be frus- 
tratingly slow in an affluent society that ranks 
freedom from avitaminosis-C high on the list of 
national goals. Indeed, health bureaucrats, 
orange growers, food processors, and concerned 
spouses have made it all but impossible to avoid 
ingestion of the “recommended daily allow- 
ance” before breakfast is half over. To their 
determined ranks must be added the megadose 
vitamin takers, whose credo, “If a little is good, 
more will be better,” has made ascorbic acid 
gorging a national pastime. We urge that all 
studies on an individual suspected of vitamin C 
depletion be done immediately upon admis- 
sion. Several excellent candidates, abetted by 
nurses, aides, and spouses, ate or drank their 
way out of the study before testing was com- 
plete! 

Finally, what, if any, is the surgical signifi- 
cance of these observations? In experimental 
human scurvy, between one and four months of 
a diet totally deficient in vitamin C are required 
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before abnormal signs develop [1-3]. Failure of 
wound healing takes approximately 90 days of 
deprivation [2]. Physicians have known all 
along that starved patients generally do well 
over the short haul without vitamin supple- 
ments, but the discovery of partially depleted 
stores in this selected group of individuals, who 
have restricted their diets before seeing the doc- 
tor, suggests that a nutritional history on occa- 
sion can be unexpectedly illuminating. 
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Diaphragmatic Eventration 
in Infancy and Childhood 


Panagiotis N. Symbas, M.D., Charles R. 
and William Waldo, M.D. 


ABSTRACT Eventration of the diaphragm, al- 
though a relatively rare clinical entity, should be con- 
sidered in all patients with respiratory distress dur- 
ing the neonatal period, particularly in babies born 
after difficult delivery by breech presentation or for- 
ceps extraction. The diagnosis can be made in the 
majority of spontaneously breathing patients by 
chest roentgenography or by fluoroscopy. The treat- 
ment initially should be supportive, including as- 
sisted ventilation if needed. If the infant cannot be 
weaned off the respirator after a week to ten days of 
respiratory support, surgical correction of the ele- 
vated diaphragm should be carried out. The results of 
surgical treatment in these desperately sick infants is 
usually most gratifying. 


Diaphragmatic eventration has been mentioned 
infrequently as a cause of severe respiratory in- 
sufficiency in infancy [8]. This report describes 
our experience with the diagnosis and manage- 
ment of this clinical entity in infants and chil- 
dren. 


Methods and Results 


From January, 1965, to December, 1975, 10 in- 
fants and children, 5 boys and 5 girls, with 
eventration of the diaphragm were managed at 
Grady Memorial Hospital. Seven children had 
right-sided eventration (Fig 1), 1 had bilateral 
eventration (Fig 2), and 2 had eventration of the 
left diaphragm. Five patients had other congeni- 
tal malformations, but only 1 had Erb’s palsy. 
Additional clinical features are summarized in 
the Table. 
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Four patients, all less than 3 weeks old, had 
severe respiratory insufficiency. They were in- 
itially treated with all supportive methods, in- 
cluding orotracheal intubation and assisted ven- 
tilation. After 5 to 14 days of continuous ventila- 
tory support with no improvement and inability 
to wean them off the respirator, they were oper- 
ated on. One of the 4 infants had, in addition to 
the right-side eventration, patent ductus ar- 
teriosus and aortic stenosis. She first underwent 
ligation of the ductus; when no respiratory im- 
provement occurred, plication of the diaphragm 
was performed. Another infant had bilateral 
eventration, patent ductus arteriosus, and ven- 
tricular septal defect. He first had ligation of the 
ductus and plication of the left diaphragm. Be- 
cause the respiratory insufficiency persisted, 
right diaphragmatic plication was also per- 
formed. All 4 infants, after correction of the 
diaphragmatic abnormality, were weaned off 
the respirator within the first 24 postoperative 
hours. Two other patients had repeat respiratory 
infection, and 1 had mild respiratory insuffi- 
ciency. One was operated upon; the other 2, 
after initial supportive therapy, required no 
further treatment. Of the remaining 3 patients, 
the child with gastrointestinal symptoms was 
operated upon with amelioration of his symp- 
toms; the 2 asymptomatic children have been 
followed. All children recovered except 1 who 
died 5 weeks postoperatively from congestive 
heart failure due to the severe congenital aortic 
stenosis. 

Operation was performed through a pos- 
terolateral thoracotomy. The pleural space was 
entered through the sixth or seventh intercostal 
space. The eventrated diaphragm was lifted 
with Babcock clamps, and its excess portion was 
sutured at the base with No. 1 silk horizontal 
mattress sutures so that the remaining dia- 
phragm was almost flattened (Fig 3B). The edge 
of the enfolded excess diaphragm was then su- 
tured to the chest wall at the site of the dia- 
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Fig 1. Chest roentgenograms of a 3,930 gm infant 
with severe respiratory distress. (A) At 1 day of age. 
(B) At 4 weeks of age (PA and lateral views). (C) At9 
months of age, 7 months after surgical repair of the 
diaphragmatic eventration (PA and lateral views). 





Fig 2. Chest roentgenograms of a 3,400 gm infant 
with severe respiratory insufficiency. (A) At 1 week 
of age (PA and lateral views). (B) At 1 week of age 
after intraperitoneal injection of radiopaque material 
(PA and lateral views). (C) One year after plication 
of the right diaphragm. 
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Summary of Clinical Features, Management, and Results in 10 Patients with Diaphragmatic Eventration 








Body Side of 
Patient No., Weight Eventra- Clinical Manifestations 
Sex, and Age (gm) Delivery tion and Diagnosis Treatment Results 
1. F, 1 day 4.040 Normal R Severe respiratory insuf- Assisted ventilation for Good; no postop 
ficiency, eventration 2 wk, then assisted ventilation 
operated on 
2. F, 1 day 3,930 Cesarean R Severe respiratory insuf- Assisted ventilation for Good; no postop 
section ficiency, eventration 2 days with improvement assisted ventilation 
at 3 wk; assisted 
ventilation for a week, 
then operated on 
3.M, 7 wk Cesarean R Mild respiratory distress, Antibiotics; oxygen No further difficulty 
section RUL pneumonia, 
eventration 
4. F, 3 wk Nothing R Severe respiratory Antibiotics, assisted No postop assisted 
unusual insufficiency, ventilation for 5 days, ventilation; died 5 wk 
described RML pneumonia, then operated on postop from CHF due 
right Erb’s palsy, to severe aortic stenosis 
PDA, aortic stenosis, 
eventration 
5. M, 4 wk Nothing L Repeat abdominal pain, Supportive treatment for Good 
unusual nausea and vomiting; 4 yr, then operated on 
described eventration 
6. M, 2 days 2,540 Normal R Asymptomatic, None Good 
multiple other anomalies, 
eventration 
7. F,3 wk Normal R Upper respiratory in- Symptomatic Good 
fection, eventration 
8. F, 2 days 2,690 Normal R Asymptomatic, None Good 
Turner's syndrome, 
coarctation of aorta, 
eventration 
9.M, 11 yr Nothing L Repeat mild respiratory Operated on Good 
unusual infections, cleft lip and 
described nose, eventration 
10. M, 1 wk 3,400 Normal B Failure to thrive and Diuretics and digoxin, Right chest wound in- 


dyspnea, severe 
respiratory insufficiency, 
VSD and PDA, 


eventration 


fection; good; 
no postop assisted 
ventilation 


assisted ventilation; 

2 days later ligation of 

PDA and left diaphragmatic 
plication; assisted 
ventilation; right 
diaphragmatic 

plication at 6 wk 





RUL = right upper lobe; RML = right middle lobe; PDA = patent ductus arteriosus; CHF = congestive heart failure; VSD = ventricular septal defect 


phragmatic origin (Fig 3C). At the completion of 
the procedure, the imbricated portion of the 
diaphragm had three layers and the whole dia- 
phragm was flattened (Fig 3C). 

The diaphragm in all children who were oper- 
ated on appeared to be well developed except in 
2: the infant with bilateral eventration and the 
4-year-old with left-sided eventration. In these 2 
children, the diaphragm was partially even- 
trated (Fig 2), and its attenuated portion did not 
appear to have muscle fibers. Neither biopsy of 
the diaphragm nor faradic stimulation of the 
phrenic nerve was done in any patient. 


Comment 

Petit [12], in 1774, recognized eventration of the 
diaphragm as a pathological entity during a 
postmortem examination, and Bechard [1] 


coined the term eventration in 1829. Since then, 
several alternative names for this process have 
been proposed: paralysis of the diaphragm, in- 
sufficiency of the diaphragm, idiopathic high- 
lying diaphragm, elevation of the diaphragm, 
and others; but none has ever been accepted in 
common usage. Successful repair of diaphrag- 
matic eventration in an infant with respiratory 
insufficiency was reported by Bisgard [3] in 
1947. 

Diaphragmatic eventration is a rare clinical 
entity. Beck and Motsan [2] found some dia- 
phragmatic weakness in 4% of 2,500 chest roent- 
genograms of newborns, but only in 3 patients 
was it symptomatic. Kinzer and Cook [9], re- 
viewing roentgenograms of 412,149 inductees, 
found asymptomatic eventration in 31. 

Eventration may be congenital or acquired. 
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Fig 3. (A) Eventrated diaphragm. (B) Excess 
diaphragmatic portion lifted and sutured at its base. 
(C) Edge of the enfolded excess of the diaphragm 
sutured at the site of the diaphragmatic origin. 


Congenital eventration may be partial or com- 
plete, whereas the acquired form is usually 
complete. Congenital eventration is the result of 
incomplete or absent muscularization of the 
pleuroperitoneal membrane [5] and may be as- 
sociated with other congenital anomalies. Early 
return of the midgut to the abdominal cavity 
may be a factor in the failure of normal develop- 
ment of the diaphragm. 

Acquired eventration is a result of phrenic 
nerve involvement by many processes: mitotic 
and inflammatory diseases or trauma during de- 
livery [14] or operation [8]. Breech presentation 
and difficult delivery are considered the major 
cause of traumatic eventrations with or without 
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brachial palsy, while tumors, various inflamma- 
tions, or fibrosis may give rise to temporary or 
permanent phrenic nerve dysfunction [11]. 

The cause of the diaphragmatic eventration in 
all but 3 of our patients is not known. In 1 of 
these 3 patients, because Erb’s palsy was present, 
the eventration could have been due to birth 
trauma. In the remaining 2, because the dia- 
phragm was partially eventrated and that portion 
was poorly developed, the eventration could 
have been due to congenital diaphragmatic mal- 
formation. 

The motion of the elevated diaphragm may be 
normal, diminished, absent, or paradoxical. The 
abnormally elevated diaphragm may compress 
the ipsilateral lung, and with respiratory effort 
the mediastinum may shift toward the normal 
side. Decreased perfusion of the lower lobe of 
the lung on the affected side may occur in dia- 
phragmatic eventration. Photoscanning and 
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bronchospirometric studies have shown 50 to 
70% decrease in ventilation on the side of the 
diaphragmatic dysfunction [15]. Unilateral 
phrenic nerve crushing in patients with tuber- 
culosis has resulted in 13% reduction of vital 
capacity [16], and section of the phrenic nerve in 
dogs caused 33 to 40% reduction in their tidal 
volume [10]. 

Eventration of the diaphragm is usually 
asymptomatic. In such cases the diagnosis is 
made at thoracotomy for unrelated disease, on 
routine chest roentgenography, or at postmor- 
tem examination. Symptomatic eventration is 
most frequently found in infants and usually 
becomes manifest as respiratory insufficiency. 
Older children and adults tolerate eventration of 
the diaphragm much better than do neonates. 
This is believed to be due to the labile medias- 
tinum in the infant, which, with shifting, causes 
inadequate ventilation and torsion of the heart 
and great vessels; to the usual recumbent posi- 
tion of the infant, which leads to greater reduc- 
tion of the vital capacity [8]; perhaps to the 
weaker intercostal muscles relative to the dia- 
phragm in an infant compared to an older pa- 
tient; or to increased airway obstruction from 
secretions secondary to the proportionately 
smaller airways in the neonate [8]. If respira- 
tory symptoms fail to appear within the first 
days of life, the individual is likely to remain 
asymptomatic until the fifth or sixth decades, 
when diminishing cardiorespiratory reserve 
may precipitate respiratory symptoms [13]. In 
addition to the pulmonary and cardiac compres- 
sion, left-side eventration may cause elevation 
or rotation of the stomach [6]. Such a lesion may 
result in gastrointestinal symptoms, dysphagia, 
epigastric pain, or heartburn and belching, any 
of which may be relieved by position change [4]. 
When the patient is examined the percussion 
note may be either tympanic or flat, depending 
on the nature of the underlying displaced organ; 
auscultation over the affected hemithorax may 
disclose bowel sounds. 

Diaphragmatic eventration should be sus- 
pected whenever unexplained respiratory 
symptoms, especially severe respiratory insuffi- 
ciency, occur in a newborn, particularly after a 
difficult or traumatic delivery. The diagnosis 
can be confirmed by chest roentgenographic 
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demonstration of markedly elevated diaphragm 
in spontaneously breathing patients. In pa- 
tients receiving assisted ventilation, how- 
ever—such as infants with severe respiratory 
insufficiency—since the affected diaphragm 
may move normally with positive-pressure 
breathing, the diagnosis can be confirmed only 
when the chest roentgenogram is obtained with 
the patient breathing on his own, and particu- 
larly during fluoroscopy. 

In paralytic eventration a sudden forceful 
inspiration or “sniff test” at fluoroscopy will 
provoke paradoxical diaphragmatic motion, 
whereas in congenital eventration the initial 
upward motion of the affected leaf of the dia- 
phragm is not thought to represent true paradox- 
ical movement but rather passive excursion of 
the redundant diaphragm until the slack is taken 
up [4]. Pneumoperitoneum is helpful in selected 
cases to exclude a subdiaphragmatic or subpul- 
monary process as the cause of the seemingly 
elevated diaphragm. Contrast study or radio- 
isotope scanning is rarely necessary but may 
be of value in establishing the diagnosis in 
some patients [17]. 

The majority of patients with diaphragmatic 
eventration are asymptomatic or mildly 
symptomatic and require no treatment or only 
temporary supportive management. However, a 
few patients (commonly infants) are moderately 
or severely impaired, usually from pulmonary 
insufficiency. In such patients, after all suppor- 
tive therapies have been exhausted and the pa- 
tient cannot be weaned off the respirator after a 
week of assisted ventilation, surgical correction 
of the elevated diaphragm is mandatory. In 
older symptomatic patients, however, thorough 
investigation should be done to delineate the 
role of the high diaphragm in the patient’s 
symptoms. Operation should be recommended 
only for those in whom the symptoms seem to 
stem from the eventration [11]. 

The surgical repair of eventration consists of 
transthoracic plication of the redundant dia- 
phragm so as to lower the diaphragm to a position 
of midexpiration. In infants, it is rarely nec- 
essary to create a ventral hernia to accommo- 
date the abdominal organs which are returned 
from the thorax [17]. 

Although we do not have very long follow-up 
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for our patients, it appears that the diaphragm in 
those who are surgically treated stays fixed in 
the plicated position [7]. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-fourth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Marco Beach Hotel, Marco Island, FL, 
on November 3-5, 1977. The scientific program 
will be published by title and author in the Sep- 
tember issue of The Annals of Thoracic Surgery. 
There will be a $100 registration fee for non- 
member physicians except for guest speakers, 
authors and coauthors on the program, and res- 
idents. There will be a Postgraduate Program on 
Thoracic Trauma preceding the regular pro- 


gram. At present this meeting has not been ap- 
proved for Category I CME credit. 

Applications for membership should be com- 
pleted by September 1, 1977, and forwarded to 
James L. Alexander, M.D., 40 Medical Arts 
Center, Savannah, GA 31405. 

Hotel reservations may be made by writing to 
Marco Beach Hotel, 400 South Collier Blvd, 
Marco Island, FL 33937. 

J. Kent Trinkle, M.D. 
Secretary-Treasurer 
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ABSTRACT Thymectomy is important in the treat- 
ment of myasthenia gravis. Total removal of the 
gland is considered indicated. Although median 
sternotomy has been the accepted surgical procedure, 
the transcervical approach has been advocated as a 
safer method of achieving total thymectomy. 

A surgical-anatomical study of the thymus was 
made in 22 patients. A high incidence of surgically 
important variations in thymic anatomy was found in 
the neck and in the mediastinum. We believe wide 
exposure by way of median sternotomy with direct 
vision is required to remove all of the extracapsular 
mediastinal thymus in many patients, and good cer- 
vical exposure is required to remove the anomalous 
tissue in the neck. 

If a total thymectomy is to be achieved, we recom- 
mend a median sternotomy and a cervical incision, 
using the meticulous dissection described. 


In 1939 and 1941 Blalock and his associates [2, 3] 
reported a series of patients who were success- 
fully treated by thymectomy for myasthenia 
gravis. Since then, operation has become in- 
creasingly important in the management of this 
disease. Although some have suggested that 
case selection has had an important bearing on 
the apparent success of thymectomy, a retro- 
spective cooperative study in 1971 [22] sup- 
ported the view that thymectomy is more effec- 
tive than medical measures, and recently a 
computer-assisted retrospective study [4] of 
matched medically and surgically treated pa- 
tients has given the best evidence to date that 
operation is the definitive treatment in this dis- 
ease. 
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The accepted surgical approach for thymec- 
tomy has been the relatively formidable trans- 
sternal route with removal of both lobes and no 
attempt at an extended mediastinal dissection or 
extended exploration of the neck. Modifications 
of this incision have been proposed [6]. With 
advances in anesthesia and mechanical ventila- 
tory support, postoperative management has 
become increasingly safe. Recently the transcer- 
vical approach has been recommended as a 
method of total thymectomy because of the 
considerable decrease in postoperative morbidity 
(8, 11, 19]. 

As a result of the decrease in postoperative 
morbidity, and with the understanding that all 
thymic tissue could be removed by way of the 
transcervical route, we began to use this ap- 
proach in July, 1973. Early in our experience the 
addition of a sternum-splitting incision was 
necessary, at which time unsuspected residual 
thymic tissue was discovered in the medias- 
tinum. In view of this, we began to perform a 
median sternotomy and a cervical incision in 
order to remove the entire gland and to 
study the surgical anatomy of the thymus in 
patients with myasthenia gravis. 

This report summarizes the findings that led 
us to conclude that total excision of thymic tissue 
requires wide mediastinal exposure, a cervical 
exploration, and the meticulous dissection de- 
scribed. 


Material and Methods 

From July, 1973, through October, 1976, 22 pa- 
tients (18 women and 4 men) underwent 
thymectomy for myasthenia gravis (see Tables 
1-4). Ages ranged from 15 to 54 years, with a 
mean age of 29. Myasthenia gravis had been 
present for 1 month to 16 years, with a mean 
duration of 2 years. All but 4 patients had 
moderate to severe generalized myasthenia 
gravis (Osserman classification [18]) and were 
incapacitated in daily living and work. Three 
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patients had mild generalized myasthenia and 1 
had only ocular myasthenia with a thymoma. All 
patients with moderately severe and severe 
myasthenia were administered anticholines- 
terase medication preoperatively; 4 were receiv- 
ing steroids as well. Four patients proved to 
have thymomas, one of which was malignant 
and had invaded the innominate vein. 

The cervical approach, as has been described 
[11, 12], was used in 6 patients, 3 of whom re- 
quired median sternotomy to complete the dis- 
section. A partial median sternotomy as de- 
scribed by Cohn and associates [6] was made in 
1 patient to assess this exposure, but was ex- 
tended to obtain full exposure because it proved 
inadequate for the dissection required. The re- 
maining 16 patients had complete median ster- 
notomy as the primary approach, with an addi- 
tional cervical incision in 9. 

Following wide exposure of the mediasti- 
num, all thymic tissue, suspected thymic tissue, 
and anterior mediastinal fat were removed. 
Routinely, the dissection was carried laterally to 
the phrenic nerves, if necessary beyond, and 
inferiorly to the diaphragm. The dissection was 
done meticulously. It was extracapsular and ex- 
tended along the pleuropericardial reflections to 
a point beyond the phrenic nerves. Frequently, 
thin sheets of thymic tissue were initially mis- 
taken for normal pleura. In the process of search- 
ing for and peeling thymus or suspected thymus 
from the mediastinal pleura and from the 
phrenic nerves, one or both pleural spaces were 
frequently entered. Mediastinal and pleura: 
chest tubes were used routinely. Extreme care 
was taken to avoid injury to the phrenic nerves. 

Initially both thymic lobes were traced into 
the neck until only a fibrotic cord remained, 
making a complementary cervical incision when 
additional exposure appeared necessary. We 
now perform a cervical incision routinely to 
explore the neck adequately and remove all sus- 
pected thymic tissue. The fibrous cords are fol- 
lowed beyond their termination in search of dis- 
continuous superior poles. The cephalad line of 
transection is usually determined by gross in- 
spection; however, at operation, tissue at this 
point is occasionally examined microscopically. 
An attempt is made to identify and preserve 
parathyroid tissue. Because of the extent of the 
cervical dissection in continuity with the 


mediastinal dissection, a tracheostomy cannot 
be performed at the time of operation. If 
tracheostomy is required, the pretracheal fascia 
is exposed, and this area of the wound is packed 
and closed so that the tracheostomy can be com- 
pleted in 2 to 3 days. 

The specimens were weighed, superimposed 
on an outline of the mediastinum, sketched, and 
photographed. Subsequently the specimens 
were dissected grossly to identify the limits of 
the capsule. Multiple microscopical sections 
were taken from all the tissue removed so as to 
determine the presence or absence of thymic 
tissue and degree of lymphoid hyperplasia [8, 
23], to identify the presence of neoplasm, and to 
search for parathyroid glands. Although a 
number of sections were taken from all fat re- 
moved, systematic sectioning of all fat, as de- 
scribed by Masaoka and colleagues [16], was not 
performed. 

All patients were managed postoperatively in 
an intensive care unit by means of an endo- 
tracheal tube and mechanical ventilatory sup- 
port. Anticholinesterase drugs were discon- 
tinued at the time of operation and were not 
resumed postoperatively until the patients were 
stable and the need for medication was estab- 
lished. Steroids were given to the 4 patients who 
had received them preoperatively. If the patient 
required ventilatory support for more than 5 to 7 
days, a two-stage tracheostomy was then per- 
formed. 


Results 


Early in our experience 3 patients underwent 
removal of both thymic lobes by means of the 
transcervical approach (Table 1). Two accessory 
lobes were also extracted from the mediastinum 
in 1 of these through the cervical incision. 

In 3 other patients (Table 2) the transcervical 
approach was undertaken but supplemented by 
a median sternotomy because in 1 the left lobe 
did not extend into the neck, in 1 a previous 
substernal thyroidectomy obscured the surgical 
field, and in 1 the right lobe was fractured dis- 
tally during extraction. Residual accessory ex- 
tracapsular lobes were found at median ster- 
notomy in the second and third patients. 

As a result of this initial experience, the trans- 
cervical approach was discontinued. The trans- 
sternal approach was used in 7 patients (Table 3) 
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Table 1. Transcervical Thymectomy in 3 Patients with Myasthenia Gravis 








Age (yr) Duration Classi- Degree of 

and Sex of Disease fication Hyperplasia Follow-up Result 

20, F 10 yr Severe 2+ (1-2) Syt Improved 
36, F lyr Severe 0 (0-+) 3 yr Improved 
19, F lyr Mild o0 (0) 1 yr Unchanged 





Table 2. Transcervical Converted to Transsternal Thymectomy in 3 Patients with Myasthenia Gravis 


a 


Age (yr) Duration Classi- Degree of 

and Sex of Disease fication Hyperplasia Follow-up Result 
ag a E 
47, F 1 yr Severe 3+ (3P 3 yr Improved 
43, F 142 yr Severe 2+ (1-3) 2 yr Improved 
25, F 6 mo Mild 3+ (0-4) 1⁄2 yr Improved 


aee 


®*Thymoma present. 


Table 3. Transsternal Thymectomy in 7 Patients with Myasthenia Gravis 


p Se aU EUEE EEE EEE SSEEEEE SE 


Age (yr) Duration Classi- Degree of 

and Sex of Disease fication Hyperplasia Follow-up Result 

54, F 2 yr Severe 2+ (1-2) 6 mo Improved 

15, M 3 mo Severe 3+ (0-4)* 8 mo Improved 

23, M 5 yr Severe 0 (0-2) 6 mo Complete 
remission 

26, F 412 yr Moderate 1+ (0-3) 1 yr Improved 

17; F 2 yr Moderate 2+ (1-3) 13 mo Improved 

41, F 1⁄2 yr Moderate 1+ (0-2) 8 mo Improved 

50, M 2 mo Ocular 0 (0-ŁF 6 mo Unchanged 





*Thymoma present. 


with an additional cervical incision in 9 (Table 
4). 

There were no deaths, no phrenic nerve in- 
juries, and no major complications attribut- 
able to prolonged intubation. Four patients who 
underwent median sternotomy required tra- 
cheostomy, 1 preoperatively and 3 postopera- 
tively. The 3 patients who underwent only cer- 
vical thymectomy were extubated within 4 to 12 
hours; anticholinesterase therapy was reinsti- 
tuted when required. The 19 patients explored 
by median sternotomy were ventilated for an 
average of 6 days; they remained in the inten- 
sive care unit from 5 to 23 days (mean, 12 days). 

The degree of hyperplasia [8] in each speci- 
men is listed in Tables 1 to 4. Because the range 
in the degree of hyperplasia from area to area 


within the same specimen was wide, both the 
range and estimated average are recorded. In 4 
patients intrathymic parathyroid tissue was 
found in the specimen; in 1 patient parathyroid 
tissue in the neck was mistaken for thymus and 
removed. None of the patients had evidence of 
hypoparathyroidism subsequently. The follow- 
up period was 2 to 36 months (mean, 13 mo). 
Presently, 3 patients are in complete remission, 
16 are improved, and 3 are unchanged. 


Anatomical Findings 

Eighteen (82%) of the 22 patients had surgically 
important variations in thymic anatomy in the 
neck, in the mediastinum, or in both. Figures 1 
through 8 illustrate many of the abnormalities 
found. 
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Table 4. Transsternal and Transcervical Thymectomy in 9 Patients with Myasthenia Gravis 








Age (yr) Duration Classi- 
and Sex of Disease fication 
19, F 1 mo Severe 
16, F 2 yr Severe 
32, F 16 yr Severe 
152E 2 mo Severe 
41, M 7 yr Moderate 
18, F 2 yr Moderate 
44, F 9 mo Moderate 
20, F 14% yr Moderate 
29E 1¥2 yr Mild 


Degree of 
Hyperplasia Follow-up Result 
4+ (1-4) 2 yr Improved 
2+ (0-3) Tyr Complete 
remission 
lr (2 1⁄2 yr Improved 
2+ (1-3) 2 mo Unchanged 
2+ (1-3) 6 mo Improved 
2+ (1-2) 8 mo Improved 
T+ (ae 4 mo Improved 
2+ (1-3) 2 mo Improved 
2+ (1-3) 1% yr Complete 
remission 


a aaaaaaaaaaaaaallllllllaIaaIIalMlMlMlMlMlMl 


®Malignant thymoma present. 


Ten patients (45%) had one or more surgically 
important variations in the neck (Table 5). Seven 
had superior pole abnormalities, 5 with absence 
of thymic tissue cephalad to the innominate vein 
and 2 with discontinuous superior pole. The 
discontinuous superior poles lay just caudad to 
the thyroid in both; in 1 it was attached to the 
main gland by a fibrous cord. Three patients had 
accessory thymic tissue in the neck below the 
level of the thyroid, 2 medial to the lobe and 1 
lateral to it. The discontinuous superior poles 
and accessory tissue were difficult to distin- 
guish from normal fat, parathyroid glands, and 
thyroid. In 1 patient a bulky left superior pole 
passed behind the thyroid gland and terminated 
at the angle of the jaw. 

In the mediastinum, 16 patients (73%) had 
one or more notable variations (see Table 5). In 


Table 5. Anatomical Findings in 22 Patients with 
Myasthenia Gravis 








Finding No. of Patients 
Abnormal cervical anatomy 10 (45%) 
Superior pole variations 7 
Accessory thymus 3 
Thymus above thyroid 1 
Abnormal mediastinal anatomy 16 (73%) 
Accessory lobes 10 
Feathery margins 7 
Thymus behind innominate 3 
vein 
Microscopical thymus in fat 2 





many instances these consisted of large volumes 
of thymic tissue and were multiple. We found 
seventeen accessory lobes lying adjacent to or 
distant from the main lobes in 10 patients; in 
some they lay posterior to the phrenic nerves, in 
the aortopulmonary window, or at the level of 
the diaphragm. These accessory lobes were 
either well encapsulated or had indistinct bor- 
ders; in some they were indistinguishable from 
mediastinal fat. In 7 patients one or both lobes 
had thin, feathery lateral margins often extend- 
ing well beyond the phrenic nerves. There was a 
5 X 7 cm benign thymoma in one of these exten- 
sions, posterior to the phrenic nerve on the 
right. These extensions were either intracapsu- 
lar or extracapsular and were characterized by 
friability, the ease with which they could be 
overlooked, and the need for meticulous dissec- 
tion in a plane adjacent to the pericardium and 
pleura. In 3 patients one or both lobes lay behind 
the innominate vein. In 2 patients a microscopi- 
cal focus of thymus was found in fat lying distant 
from gross thymic tissue. 


Comment 

Surgical Approach 

Although the role of operation appears well es- 
tablished, there has been no prospective, ran- 
domized controlled study of the efficacy of 
thymectomy. The value of this procedure has 
been deduced by retrospective analysis [17, 22]. 
However, in one very convincing study, oper- 
ated patients were retrospectively matched by 





Fig 1. Proved incomplete transcervical thymectomy. Fig 2. Complex mediastinal thymus. Feathery, 

A and B removed through neck. A' retrieved at friable extensions beyond phrenic nerves (A', D). 
sternotomy. C, D, E, and inferior fat discovered at Unsuspected thymoma in A. Extracapsular 
sternotomy. accessory lobes (C, E, F); E at aortopulmonary 

i window. Microscopical focus in fat (I). 





Fig 3. Distant accessory thymus in mediastinum. Fig 4. Transverse accessory mediastinal lobe. 

Lobe (C) looked like fat, proved to be hyperplastic Extracapsular accessory lobe (C) behind both lobes 
thymus. Accessory tissue arising in cervical (A, B) extends beyond both phrenic nerves and 
portion of lobe (B). ascends behind innominate vein. Accessory lobe (D) 


looked like fat. Eand F proved to be fat. 


COLOR CODE: Red = thymus; cross-hatched orange = 
thymus that had appearance of fat; yellow = fat; yel- 
low with red dot = micro focus of thymus in fat. 
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Fig 5. High cervical thymus. Apex of superior pole Fig 6. Discontinuous superior pole (E, F) cephalad to 


behind thyroid to angle of jaw. Accessory thymus 1 cm fibrous cord. Lobes fused in mediastinum (A, B). 
lateral to cervical portion, right lobe. Right lobe Gradual transition—thymus to fat (C). Accessory 
behind innominate vein (A). Accessory lobe (C) tissue, medial to right superior pole (G). 


barely attached to left lobe (B). 





Fig 7. Discontinuous superior pole (F). Malignant Fig 8. Absent superior poles. No thymus above 


thymoma with innominate vein invasion (A). innominate vein. Two accessory thymus lobes (C, D) 
Accessory lobe high under phrenic nerve (C). looked like fat at operation. 
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computer to nonoperated ones [4] and the surgi- 
cal patients fared much better. 

Since the report by Blalock and his asso- 
ciates [2] in 1939, the standard approach for 
thymectomy has involved splitting the sternum. 
Since 1971, Kark and Kirschner [11] have advo- 
cated a transcervical approach. Arguments in 
behalf of these two procedures require discus- 
sion. If the efficacy of transcervical and trans- 
sternal thymectomy were equivalent, there 
would be no debate. The transcervical operation 
is simpler, the postoperative period is shorter 
and safer, and the cosmetic result is much more 
desirable; thus thymectomy could be offered for 
milder disease and to older and sicker patients 
too. However, a comparative analysis of the two 
approaches is not yet available. Since the major- 
ity (76%) of patients who have had a transcervi- 
cal thymectomy have had mild myasthenia [19], 
and the majority (93%) of patients who undergo 
the transsternal approach have had moderately 
severe or severe generalized disease [17 ](82% in 
our series), and because the remission rate may 
be directly related to the severity of the disease 
[17], a valid comparison of the two procedures is 
not yet possible. The suggestion that early 
thymectomy prevents progression of disease 
[19] also is not yet ready for analysis; a double- 
blind randomized prospective study of patients 
with mild disease will probably be required to 
answer this question, since many patients have 
mild myasthenia that is readily controlled and 
does not progress in any case. 

The advantages of the transcervical approach 
led us to begin to employ this procedure. We 
were convinced, early in our experience, that in 
many patients the cervical approach would not 
permit a total thymectomy; accordingly, we 
abandoned it. If a total thymectomy is not re- 
quired anda partial thymectomy is effective, the 
cervical approach definitely would be indicated. 
However, in addition to empirical observations 
that thymectomy works, other evidence sup- 
ports the premise that complete removal of all 
thymic tissue is important. The thymus is the 
seat of well-documented disease [5]. There is 
now considerable evidence to indicate: (1) that 
B-lymphocytes in the myasthenic thymus may 
be precursors of cells which produce the circulat- 
ing autoantibodies that block or accelerate deg- 
radation of acetylcholine receptors, and (2) that 


there are myoid cells in the thymus which bear 
acetylcholine receptors [7, 20]. Also, experimen- 
tal autoimmune myasthenia gravis cannot be 
induced after total thymectomy in the neonate, 
though it can be induced if the thymectomy is 
only partial [21]. These findings support the 
premise that all thymic tissue should be excised. 
Furthermore, the reported instances of residual 
thymus in the mediastinum found at postmor- 
tem examination in patients who developed 
myasthenia following thymothymectomy for 
thymoma [15, 24] and in patients who died of 
recurrent myasthenia [10] following thymec- 
tomy support the concern that incomplete 
thymectomy, although transsternal, may ac- 
count for some of the unfavorable responses to 
operation. The presence of residual thymic tis- 
sue on postmortem examination in these cases 
supports our contention that even the transster- 
nal portion of the procedure requires a more 
thorough dissection than has been done in the 
past. 


Anatomical Findings 


The finding of thymic tissue in unusual posi- 
tions in the neck is not surprising in view of the 
developmental abnormalities of the thymus. 
Gilmore [9] has described thymic tissue in 
stillbirths and young infants at the angle of the 
jaw, within the thyroid gland, and as accessory 
lobes in the neck. Lewis [14] recently reported 3 
children with ectopic thymic tumors in the neck. 
One of these was in the midline, 1 was in- 
frahyoid, and 1 was at the angle of the jaw. 
Papatestas and colleagues [19] reported 3 ectopic 
nodules in the neck and 3 instances of discon- 
tinuous superior poles in 180 operations. Our 
experience supports the need for exploration of 
the neck in operating on patients with myas- 
thenia gravis. Initially we thought the decision 
regarding a complementary cervical incision 
could be made at the operating table. However, 
in view of the well-documented anatomical vari- 
ations in the neck, we now believe exploration 
through a separate transverse incision should be 
an integral part of the procedure. We do not 
believe adequate exposure can be obtained 
through the mediastinal incision without an un- 
sightly vertical extension into the neck. Fur- 
thermore, the dissection should not stop when 
the fibrous cord is reached. Thyroid nodules 
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should probably be removed as well, since 
thymic tissue may be present within the 
thyroid. 

The anatomy of the mediastinal portion of the 
gland has been described [1] but probably is not 
helpful in assessing the myasthenic thymus. In 
1946, Keynes [13] reported 50 thymic glands re- 
sected in the treatment of myasthenia gravis. 
Although many variations were described, he 
did not mention the presence of accessory lobes 
and feathery, indistinct margins. Wolfe and 
associates [25], however, noted that the gland 
may not have an identifiable capsule, and em- 
phasized the need for sharp dissection. Kark 
and Papatestes [12] described in detail anatomi- 
cal features of the thymus which they believed 
would assure complete removal by way of the 
transcervical approach. They described the 
gland as invariably lying in both the neck and 
the mediastinum; ectopic thymic tissue, when 
present, as being in the neck; the lower poles as 
being clearly distinguishable from the yellowish 
fat of the mediastinum; and the capsule as being 
an outstanding feature of the gland. Our find- 
ings clearly indicate that the gland may not be 
found in the neck, that ectopic or accessory tis- 
sue may be found in the mediastinum as well as 
in the neck, that thymic tissue in the medias- 
tinum may be grossly indistinguishable from 
fat, and that large amounts of accessory thymic 
tissue may be found in the mediastinum. In 
addition, complete removal of the feathery lat- 
eral extensions requires careful extracapsular 
dissection under direct vision. Accordingly, we 
believe that the transcervical approach, or any 
partial sternum-splitting incision, will result in 
incomplete resection of the gland in many in- 
stances. Indeed, even with a complete median 
sternotomy, thymic tissue will be overlooked 
unless a meticulous and extensive dissection is 
employed. 

Masaoka and co-workers [16] noted the occur- 
rence of microscopical foci of thymus in other- 
wise normal mediastinal fat. We have found 
only 2 such instances, although we did not study 
this systematically. The importance of these 
microscopical foci is not known. However, we 
have emphasized that as much fat as possible be 
removed in all instances, since we have found 
that hyperplastic thymus may look like fat at 
operation. 


Summary 

If the need for total thymectomy is accepted, a 
full understanding of the anatomy of the thymus 
gland and its variations, both in the neck and in 
the mediastinum, becomes necessary to plan the 
operative approach. The embryology of the 
gland, previous anatomical studies, reports of 
ectopic tissue, and the findings in this study 
support the need for the combined incisions and 
meticulous dissection described. Although the 
postoperative risks and morbidity are consider- 
ably greater when the sternum is split than 
when the transcervical procedure is used, the 
principles of management described by Mulder 
[17] and Wolfe [25] should maintain the low mor- 
tality that is presently achieved. In the last 85 
operations at the Columbia Presbyterian Medi- 
cal Center, including the 22 in the present study, 
there have been no deaths since 1963. The more 
extensive mediastinal dissection described and 
the addition of a cervical incision do not increase 
the risks or management problems. The cervical 
incision and wider exploration, however, do re- 
quire a two-stage procedure if a tracheostomy is 
needed postoperatively. We now believe the in- 
creased morbidity is justified in view of the need 
for complete thymectomy in this often severe 
and potentially fatal disease. We recognize the 
need for intense vigilance and multidisciplinary 
cooperative efforts to prevent serious complica- 
tions or death. 


Conclusion 


The value of thymectomy in patients with myas- 
thenia gravis appears established. The evidence 
suggests that complete removal of all thymic tis- 
sue is important. Therefore, a surgical proce- 
dure that achieves this goal should be selected. 
This study indicates that the extensive vari- 
ability in the anatomy of the thymic gland, both 
in the neck and in the mediastinum, requires 
that wide exposure be obtained and meticulous 
dissection performed under direct vision. A 
median sternotomy with an extended mediasti- 
nal dissection and a separate cervical incision 
and exploration are the procedures of choice in 
the surgical treatment of myasthenia gravis. 


Addendum 


Since this paper was submitted, we have performed 9 
additional thymectomies in patients with myasthenia 
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gravis using the combined sternal and cervical inci- 
sions. Six of these patients had one or more cervical or 
mediastinal surgically significant variations. One pa- 
tient had had a transsternal thymectomy 15 years pre- 
viously with initial complete remission and sub- 
sequent severe exacerbation; at reoperation 10 gm of 
residual thymus was found in the mediastinum. 
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Discussion 


DR. PAUL A. KIRSCHNER (New York, NY): The specter of 
incomplete thymectomy in myasthenia gravis has 
haunted surgeons since the initial work of Blalock 
more than 35 years ago. Dr. Jaretzki’s conclusion, 
based on careful anatomical observations, that trans- 
cervical thymectomy may not be complete, is the 
point at issue. 

In our initial reports on transcervical thymectomy 
in 1969 and 1971 [1,2], we suggested that preparations 
be made for transsternal extension of the incision if 
necessary; this was required in 6 of the first 59 pa- 
tients. Subsequently, it has been unnecessary in 
about 200 operations. 

We have observed some of the thymic variations 
Dr. Jaretzki has described, including the retrovenous 
position behind the left innominate vein. In a patient 
who died after transcervical thymectomy, no residual 
thymus was found at postmortem examination. We 
have observed anatomical variations of transcervical 
thymectomy specimens, including a trilobed thymus. 

Cure of myasthenia gravis is the ultimate goal of 
thymectomy by any surgical approach. The Table* 
shows that complete remission rates are identical with 
the transsternal and transcervical approaches. Thus 
factors other than the surgical approach are more im- 
portant to remission. For example, after either inci- 
sion, prompter and more complete remissions occur 
when germinal centers are absent or sparse than when 
there are many. I noted this correlation on secondary 
analysis of Sloan’s study [3] of Blalock’s original cases. 

The cervical operation is not immune to local re- 


*Papatestas A: Personal communication. 
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No. of Patients 





Year of % in 
Follow-up Followed In Remission Remission 
Trans- 

sternal 

1 98 11 11 

2 94 14 15 

3 85 16 19 

4 75 16 21 

5 73 18 25 
Trans- 

cervical 

1 236 27 11 

2 162 30 19 

3 119 28 24 

4 76 17 22 

5 48 19 40 


currence of thymus tissue. We have observed a malig- 
nant thymoma in the left lobe of the thyroid two years 
after transcervical thymectomy for nonthymomatous 
myasthenia. 

I believe that transcervical thymectomy is contrain- 
dicated in thymoma diagnosed preoperatively, be- 
cause the tumor may be malignant. Dr. Jaretzki had 
four thymomas in his series. Our first transcervical 
operation, which was done for a thymoma, required a 
sternal split for removal of an extensive mediastinal 
recurrence eight years later. 
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DR. HOOSHANG BOLOOKI (Miami, FL): In general there 
are two reasons for the decreased enthusiasm of 
neurologists to recommend thymectomy for patients 
with myasthenia gravis. First, the results have not 
been spectacular, although the group from the Mayo 
Clinic has reported noticeable improvement in survi- 
val of patients after thymectomy, compared with 
those on medical therapy. However, this report does 
not include patients who received steroids for myas- 
thenia gravis. Second, marked morbidity has been 
associated with this operation. 

To decrease the morbidity, we at the University of 
Miami use high-dose methylprednisolone on all pa- 
tients who are about to undergo thymectomy. A 500 
ml solution containing 1 gm of Solu-Medrol is given as 
a slow intravenous drip prior to general anesthesia 
during the operation and is continued for twenty-four 
hours postoperatively. 

We have used this method with 25 patients now. 
On the first 12 patients we performed all the pulmo- 
nary function studies preoperatively and postopera- 


tively, looking for signs of respiratory failure after the 
operation. The results were excellent, with no episode 
of respiratory failure postoperatively. In the second 
group of 13 patients, because of the good results with 
the first group, we did not perform any sophisticated 
pulmonary function studies. All these patients were 
extubated within one to two hours postoperatively. 
All 25 patients had transsternal total thymectomy and 
were discharged from the hospital within five days. 

Although the authors indicated that there was very 
little morbidity in their patients, I would like them to 
comment on the period of hospitalization for their 
patients, their length of stay in the intensive care unit, 
and the incidence of cholinergic attacks postopera- 
tively. 


DR. AUGUSTIN ARBULU (Detroit, MI): I support the au- 
thors’ recommendation that total thymectomy is indi- 
cated in the treatment of myasthenia gravis. We are 
treating a disease, the mechanism of which we really 
don’t understand. 

In our institution we have followed the indications 
our neurologists use: we operate only when medical 
treatment has failed to control the myasthenia. An 
illustrative case is that of a 66-year-old woman who 
required great amounts of medication and several 
tracheostomies because of her myasthenia. A total 
thymectomy was done, as the authors recommended. 
(We insist that not only the thymic tissue, but also the 
surrounding fat, be removed completely.) Microscopy 
showed that there was a lot of fat and some thymic 
tissue—in fact, the gland in this patient was diag- 
nosed as thymic fat and lymphatic tissue. Remarka- 
bly, this woman improved after her thymectomy. 

Our results with thymectomy for myasthenia gravis 
have been either good or fair in 83% of the patients. 
When this was correlated with microscopy, we found 
that we had the best results in patients with 
hyperplasia. I strongly support the recommendations 
of the authors. 


DR. F. G. PEARSON (Toronto, Ont, Canada): So far as I 
know, Dr. Kirschner’s information regarding remis- 
sion rates is the only published data to indicate that 
there is no difference in remission between the trans- 
cervical and transsternal approaches. But the observa- 
tions in the present study, which confirm a report by 
Masioka in Japan, beg the question whether failure of 
remission in favorable cases is inevitably the result of 
leaving thymus behind. Furthermore, the findings 
suggest that we need to radically resect mediastinal fat 
on an empirical basis, because fat has been shown to 
contain microscopic foci not visible to the surgeon. 
This difficulty was observed by the authors, and simi- 
lar findings were reported in 15 of 18 cases reported by 
Masioka. 

My concern relates to the potential morbidity if we 
routinely resect mediastinal fat laterally to the level of 
the phrenic nerves. Even if we did so, how would we 
know that the fat we had removed still represented a 
complete dissection? Anterior mediastinal fat is con- 
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tinuous with fatty tissue that extends to the front of 
the pulmonary hilum and behind and even below it. 

Our own approach now is to attempt transcervical 
thymectomy. We have done this in some 50 patients. 
We have seen most of the anomalies reported, and in 8 
of the 50 patients we have added median sternotomy 
to ensure complete resection. It may be that ster- 
notomy and radical dissection should be reserved for 
the patient who has had either a transcervical or trans- 
sternal excision and fails to show the expected remis- 
sion in an appropriate time. 


DR. GEORGE H. LAWRENCE (Portland, OR): The cases 
that the authors have presented have certainly in- 
trigued us in the cardiopulmonary service at the Uni- 
versity of Oregon, where we have recently been 
evaluating the transcervical approach. Based on a 
small experience we have come to three conclusions: 
(1) the patients do have less morbidity with a trans- 
cervical approach; (2) the anatomical conviction of the 
surgeon is certainly somewhat in doubt; and (3) a 
critical analysis of late remission rate must be made. 

On the second point, I am reminded of the old days 
when we used to help with vaginal hysterectomies on 
people who had had a previous uterine suspension. I 
think that in pulling up the thymus, particularly in 
light of the anatomical variance that one encounters, 
residual tissue may be left. The ease of exposure 
through the transcervical approach may be enough to 
get out a large portion of thymus but not to treat the 
problems Dr. Jaretzki has shown us. 

I would like to ask Dr. Jaretzki if he thinks the 
reported similar late remission rates with both proce- 
dures may not be due to a different selection of pa- 
tients in some series. His patients were more severely 
ill, and I wonder if he would comment on this in 
comparison with other reported series having similar 
late remission rates in which less severely ill patients 
have been operated upon by the transcervical route. 


DR. JARETZKI: In our institution, patients with myas- 
thenia gravis who have had a transsternal thymec- 
tomy are cared for in the surgical intensive care unit 
by a team of surgeons, anesthesiologists, and 
neurologists specifically interested in myasthenia 
gravis. There is no question that these patients need 
this specialized and intensive care to ensure asmooth 
postoperative course, but we do not believe that our 
extended mediastinal and cervical dissection in- 
creases the morbidity compared to the standard trans- 
sternal procedure. If, as suggested by Dr. Balooki, 
steroids markedly decrease the postoperative morbid- 
ity and specifically result in elimination of the need 
for mechanical ventilatory support, they should be 
used. We have not used steroids in this situation. 
Dr. Pearson appears to be under the impression 
that we are chasing microscopical foci of thymus. 
Although we believe we are removing some micro- 
scopical foci ordinarily overlooked, we are more 
concerned with the sizable accessory lobes often 
mistaken for fat, especially the extracapsular lateral 


feathery thymic extensions to and beyond the 
phrenic nerves. 

Dr. Pearson raises the question whether, even with 
extended dissection, a total thymectomy can be as- 
sured. Since we know that thymus has been reported 
within the lung, within the thyroid gland, and within 
parathyroid glands as well as microscopically in fatty 
tissue in the anterior mediastinum, it is certainly pos- 
sible that in some instances microscopical thymus 
might be overlooked, even with the most meticulous 
dissection. However, I believe the procedure we have 
recommended results in total thymectomy in most 
instances and is far more complete than thymectomy 
performed by any other technique described thus far. 

In attempting to determine which surgical ap- 
proach is appropriate at this time, three questions 
need answering. First, has the cervical approach been 
proved to be as effective as the transsternal? Whether 
incomplete or not, transcervical thymectomy would 
be the procedure of choice if it were demonstrated 
that it is as effective as transsternal thymectomy. 
However, contrary to statements made by advocates 
of the cervical approach, it has not yet been deter- 
mined to be as effective as the transsternal operation. 
As suggested by Dr. Lawrence, a comparison of the 
two groups of patients is not valid since 76% of the 
Mt. Sinai patients who underwent transcervical 
thymectomy had mild disease, whereas 80 to 90% of 
all patients operated on through the transsternal ap- 
proach had moderately severe to severe myasthenia 
gravis. Furthermore, the fact that the Mt. Sinai results 
are better with cervical than with transsternal thymec- 
tomy (40% vs 25% remission after 5 years) supports 
the contention that they are operating on a more 
favorable patient population. 

Second, is it necessary to do a total thymectomy in 
any case? This, too, cannot yet be answered defi- 
nitely. Dr. Kirschner’s and Dr. Pearson’s comments 
suggest that they believe 5 to 10 gm or more of thymus 
can be left in the mediastinum without altering the 
results. However, the immunological, experimental, 
clinical, and postmortem evidence strongly suggests 
that total thymectomy is indicated. Finally, since total 
removal of the gland appears indicated, can this be 
done through the neck? And, when it is done through 
the neck, can one determine whether thymic tissue is 
being left in the mediastinum? Our dissections have 
convinced us that not all gross mediastinal thymus 
can be removed through a cervical incision (or a lim- 
ited sternal incision either), that one cannot deter- 
mine how much mediastinal gland is being over- 
looked when a cervical or limited thoracic incision is 
used, and that large amounts of gland are being left in 
the mediastinum in many instances when a cervical 
incision alone is used. We are convinced that in order 
to assure total thymectomy, a requirement in the 
treatment of myasthenia gravis, the extended dissec- 
tion described must be employed, using combined 
sternal and cervical incisions. With care, injury to the 
phrenic nerves can be avoided. 
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ABSTRACT This study analyzes 484 patients who 
survived mitral, aortic, or mitral and aortic valve re- 
placement using the Bjérk-Shiley prosthesis from 
January, 1970, through December 31, 1974. Long- 
term follow-up of 144 to 644 years (mean, 3.67 yr) was 
done on 435 patients (98.2%). 

Eighty to 85% of the patients have improved 
noticeably. Thromboembolic problems occurred in 
6.9%, representing 1.5 emboli per 1,000 patient- 
months. Anticoagulant bleeding problems occurred 
in 6.4% of the patients; late mortality was 15%. 

Actuarial survival curves showed patients at risk to 
6 years having a 79% chance of survival. The same 
analysis according to preoperative New York Heart 
Association Functional Classification showed a strik- 
ing reduction in survival in Class IV patients. The 
Bjork-Shiley prosthesis is a good choice for valve 
replacement today. Earlier diagnosis and treatment 
are needed to obtain better long-term survival. 


This study is an evaluation of patients who 
underwent valve replacement with the Björk- 
Shiley prosthesis and who were alive 11⁄2 to 61⁄2 
years postoperatively. We analyzed all patients 
who had either acquired or congenital valvular 
disease and may have had other acquired or 
congenital lesions treated simultaneously. Pa- 
tients with combined valvular and coronary dis- 
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ease were excluded because the many variables 
introduced by these lesions make successful 
evaluation of the treatment of valvular disease 
difficult. 

Between January 1, 1970, and December 31, 
1974, we inserted 541 valves in 484 consecutive 
patients. Forty-five had other procedures per- 
formed simultaneously. In 89 patients the opera- 
tion was not a primary procedure. There were 41 
early deaths (8.5%) (Table 1) immediately post- 
operatively or within the first 30 days: 11 of 230 
mitral valve replacements (4.7% mortality); 20 of 
197 aortic replacements (10.2%); and 10 of 57 
double valve replacements (17.5%). Since this 
study concerns the fate of the long-term sur- 
vivors, the early deaths are not considered again 
in this paper. 


Method of Study 


Four hundred forty-three patients survived the 
procedure beyond 30 days. Patients were fol- 
lowed yearly in clinical visits and by a mail sur- 
vey. When these methods failed, telephone calls 
were made to the patients or to their families, 
personal physicians, or cardiologists. All rec- 
ords were entered into a computer. Using 
these methods we obtained follow-up for 435 
patients, for a 98.2% follow-up; only 8 were lost. 
The study was focused at the patient’s functional 
classification, quality of life, complications of 
either the valve or anticoagulants, and survival. 

Patient age ranged from 8 to 75 years (mean, 
49.9 years). Approximately 25% of the patients 
in all categories were over 60 years of age, and in 
the aortic group, nearly 33%. There were 217 
male and 218 female patients. New York Heart 
Association (NYHA) Functional Class distribu- 
tion included 104 (24%) in Class II, 238 (55%) in 
Class III, and 93 (21%) in Class IV. Among the 
Class Il patients were some with aortic stenosis 
who were having only brief syncopal episodes 
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Table 1. Operations Performed and Early Deaths 
in 484 Patients Receiving the Bjérk-Shiley 
Prosthesis 


Early Mortality 
No. of — 
Valve Position Patients No. % 
All patients 
Mitral 230 11 4.7 
Aortic 197 20 10.2 
Double 57 10 17.5 
Total 484 41 8.5 
Long-term sur- 
vivors (more 
than 30 days) 
Mitral 219 
Aortic 177 
Double 47 
Total 4438 


*Eight patients were lost to follow-up. 


or rapid progression of cardiomegaly and ven- 
tricular hypertrophy by electrocardiogram and 
few symptoms. Class I patients with mitral dis- 
ease were usually operated on because of sys- 
temic embolization. Of the surviving 443 pa- 
tients available for follow-up, 219 had mitral 
valve repacement, 177 had aortic valve replace- 
ment, and 47 had double valve replacement. 
Hemodynamic evaluation and stress testing, 
which will appear in another study, are not con- 
sidered here. 

The method of surgical management of these 
patients has been previously described [19]. A 
simple bubble oxygenator and a single roller 
pump with moderate hypothermia (30°C) and 
hemodilution were used in all patients. Valves 
were inserted by means of interrupted mattress 
sutures with pledgets of Teflon felt buttressing 
all valves [3]. Perfusion of the left coronary artery 
or both coronary arteries or deep regional car- 
diac hypothermia using electrolyte solution at 
4°C in the pericardium (and more recently in- 
tracavitary hypothermia of the left ventricle) was 
used for myocardial protection in all aortic and 
double valve replacements. In the latter proce- 
dures the mitral valve was resected, and all su- 
tures were placed through the annulus and sub- 
sequently through the prosthesis; the valve was 
then laid.aside and the complete aortic valve 
replacement was performed so as to reduce 


clamping time. The mitral valve was sewn into 
place after the aortic clamp was released. 

All patients were extensively monitored in the 
intensive care unit; most were transferred to the 
floor in 48 hours. Anticoagulation with intrave- 
nous heparin [18], carried out in all but a few 
patients, was begun within 6 hours following 
removal of the chest tubes, usually the following 


‘day. Heparin was given intravenously on a 4- to 


6-hour basis, depending on the Lee-White con- 
trol clotting time. Warfarin was begun as soon as 
the patient could take liquids orally, and a level 
of 20 to 30% of normal (therapeutic range) was 
achieved as soon as possible. Heparin, how- 
ever, was administered for a full seven days, 
even though a therapeutic range of warfarin had 
been achieved earlier. Patients were usually dis- 
charged from the hospital 10 days postopera- 
tively. Personal follow-up was carried out by the 
surgeon and the cardiologist in most cases, and 
tight anticoagulant control was attempted. 


Results 


Figure 1 shows the accumulated data ascertain- 
ing the quality of life in surviving patients. 
Since their operations, 88.5% answered that 
their life has been good or better. This was sup- 
ported by the question, “Is your daily life im- 
paired by your heart?,” to which 80.5% an- 
swered no. However, when questioned about 
postoperative symptoms, only 66% reported 
that they were asymptomatic, and 34% had 


Fig 1. Analysis of the “quality of life” determined by 
a survey mailed to all patients in mid-1976. 
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some symptoms. Forty-eight percent reported 
no difficulty with strenuous exercise, 46% had 
difficulty, and 6% reported they avoided exer- 
cise. Seventy-four percent continued to take 
digitalis, and 41% reported taking diuretics 
in some form and amount. 

Figure 2 shows the change in NYHA 
Functional Classification from preoperative to 
postoperative state for patients in whom 
preoperative functional class could be deter- 
mined (365). Note that 303, or 83%, were im- 
proved. The correlation between the question- 
naire and the established preoperative 
functional classification showed 80 to 83% im- 
provement or a return to asymptomatic status. 
Figure 3 shows the change in functional 
classification according to valve position; in all 
three positions considerable improvement was 
achieved in the majority of patients. 


Valve Complications 
Thromboembolic 
Table 2 shows that 6.9% of the patients suffered 


clotted valve or embolic complications during 
the long-term follow-up. Thromboembolic 


Fig 2. Functional Class change from preoperative to 
postoperative status, i 
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episodes were carefully traced in all patients. If 
these were reported on the questionnaires and 
not noted by surgeons or cardiologists in hospi- 
tal records, calls were made to the personal 
physician or to the patient to confirm the 
episode. All patients with clotted valves either 
were operated on as an emergency or else they 
died and the findings were confirmed at post- 
mortem examination. Ten patients had a 
documented myocardial infarction or cere- 
brovascular accident (with either complete or 
partial resolution of neurological deficit). These 
were considered embolic phenomena because 
of acute onset of the neurological deficit, and 
knowledge of a normal coronary tree prior to 
operation. The cerebrovascular accidents may 
have been arteriosclerotic or embolic but here 
are considered to be embolic. Five patients who 
died of arrhythmia or who died suddenly and 
for whom postmortem examination was not ob- 
tained are considered to have died from embolic 
causes. The total incidence of possible throm- 
boembolic complications is 6.9% (30 patients). 
This is calculated to be 639 patient-months for 
each thromboembolic phenomenon, since there 


Fig 3. Functional Class change from preoperative to 
postoperative status by valve replacement 
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Table 2; Late Thromboembolic Complications in 
435 Patients Who Underwent Valve 








Replacement 
No. of 
Complication Patients 
Nonfatal 
Cerebrovascular accidents 5 
with residuals, 3 
Clotted valve surgically repaired 2 
Brachial embolus 1 
Coronary embolus 1 
Subtotal 9 
Fatal 

` Cerebrovascular accident . 3a 
Myocardial infarction 2 
Clotted valve 11 
Arrhythmia 5A 
Subtotal 21 
Total 30 

(6.9%) 


"Not proved, but accepted as embolic (19,190 patient- 
months, 435 patients—-1.5 emboli per 1,000 patient-months). 


were 19,190 patient-months for these 435 pa- 
tients, and can also be calculated as 1.5 emboli 
per 1,000 patient-months. 


Anticoagulation 


Bleeding complications amounted to 6.4% (Ta- 
ble 3). All bleeding episodes, with the exception 
of occasional gingival bleeding on brushing 
teeth, menorrhagia of menopause, ecchymosis 
of the skin, and small cuts and abrasions, were 
considered. The number of bleeding episodes 
that interfered with or threatened the patient’s 
life were few, but 4 patients in this group died of 
subdural hematoma (Table 4). There have been 6 
late infections, resulting in 4 deaths (1%). 
There were 2 instances of valve malfunction 
(0.5%), both due to sutures interfering with 
proper closure of an aortic valve, causing insuf- 
ficiency. Both patients were reoperated on. One 
survived and is in Class I; the other died. There 
have been only 5 perivalvular leaks, plus 2 pa- 
tients who died with disruption during infec- 
tion. 


Mortality 
Table 4 shows the late mortality in the 435 fol- 
lowed survivors. Total late mortality to date is 


Table 3, Anticoagulant Complications in 435 
Patients Who Underwent Valve Replacement 








No. of 

Complication Patients 
Urinary tract bleeding 8 
Musculoskeletal 5 
Gastrointestinal 5 
Subdural hematoma 1 
Eye (causing partial blindness) 1 
Epistaxis—severe, repeated 8 
Total : -© 28 

> (6.4%)* 





* An additional 4 patients died from complications of warfa- 
rin. 


15% (66 patients). Mortality of patients surviv- 
ing mitral, aortic, and double valve replacement 
was 10.5% (23), 19% (34), and 19% (9), respec- 
tively. Fifty-five deaths (83%) were due to the 
valve and heart disease being treated. Cause of 
death in 4 patients is unknown, since they died 
unobserved and no postmortem examination 
was performed. Arrhythmia and congestive 
heart failure accounted for 25 (45%) of the 55 
heart-related deaths. 

Figure 4 depicts the 6-year actuarial survival 
for all patients studied. It must be pointed out 
that these statistics represent only patients who 
have survived operation or the first 30 post- 
operative days. Actuarial analysis shows that 
patients surviving at the beginning of the study 
have a 76.9% chance of being alive at the end of 6 
years. 

Figure 5 shows survival in the mitral, aortic, 
and double valve groups by the same analysis. 
Nearly 90% of the mitral valve patients were 
alive after 5 years compared to only 75% of the 
aortic and 82.5% of the double valve patients, 
respectively. The sharp drop between the fifth 
and sixth year results from the small number of 
patients available for analysis. 

Figure 6 shows an analysis of mortality by 
preoperative NYHA Functional Classification. 
The difference between the Class II and II as 
compared to the Class IV patients is striking. 


Comment 


This study shows that the valve prosthesis we 
have been using has performed very well over a 
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Table 4. Late Deaths in 435 Patients with Bjork-Shiley Valves 


Cause of Death No. 
Congestive heart failure 15 
Arrhythmia 10 
Clotted valve and emboli 1 
Stroke (emboli?) 3 
Myocardial infarction 2 
Valve leak 2 
Complications of warfarin 4 
Infection , 4 
Unknown 4 
Not heart related 11 
Total 66 


a Five unknown and considered embolic, 


»Total possible thromboembolic phenomena causing death. 


6-year follow-up. The number of patients ex- 
periencing emboli or clotted valves during this 
period was relatively small, comparing favora- 
bly with other reports on this valve [6-8, 14, 16, 
20] and on different prostheses [4, 5, 15, 21]. 
Approximately 85% of our patients have shown 
marked improvement in quality of life, as con- 
firmed by our questionnaire and by changes in 
NYHA Functional Classification. It is interest- 
ing, however, that 75% of the patients remain 
on digitalis and 40% are taking some diuretics 1 
to 6 years postoperatively, confirming the fact 
that we have offered only palliation. 


Fig 4. Actuarial analysis of survival in 435 patients 
(operative deaths excluded). 


435* 408 393" 342% 235% 133% 62" 
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*potients at risk 


**Estimated that 769% of all 435 pts surviving 
surgery will live for at least 6 years. 


Percent surviving 


Valve Position No. of Deaths 


Aortic 34 (19%) 

Mitral 23 (10.5%) 

Aortic and mitral 9 (19%) 
Total 66 (15%) 


Because we are still seeking a completely satis- 
factory blood interface, we are plagued by 
thromboembolic phenomena that may be of 
minor consequence to the patient or a catas- 
trophe leading to death. In our patients embolic 
complications occurred in 6.9%, representing 
1.5 embolic episodes per 1,000 patient-months. 
Compared to other studies [4, 7, 15, 21] this is 
certainly a low figure. 

Thirteen valves clotted, but only 2 instances 
were recognized and treated surgically with 
survival. Four of these patients had stopped 
their warfarin, or it had been stopped by their 
physician or dentist, in spite of rigid warning. 
One additional young man with an aortic pros- 
thesis electively stopped taking his warfarin and 
two weeks later suffered an embolus to the an- 
terior descending coronary artery. He survived 


Fig 5. Actuarial analysis of survival according to 
valve position. 
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Fig 6. Actuarial analysis of survival according to 
preoperative NYHA Functional Classification. 


and went home with adequate anticoagulation, 
but 2 months later he stopped taking warfarin, 
embolized to the right coronary artery, and 
died. Thus 5 of 13 clotted valves (38%) resulted 
from discontinuation of warfarin, which sup- 
ports the findings of others that once an- 
ticoagulants are begun in patients with artificial 
valves, they must be continued. Aspirin and 
dipyridamole were prescribed to another pa- 
tient because of massive arteriosclerosis of the 
aorta and fear of dissection. His valve clotted 4 
months after discharge and he died. 

We attribute our low thromboembolic inci- 
dence in part to anticoagulation management 
that we described 10 years ago [18]. We believe 
that early heparinization prevents platelet 
aggregation when carefully given during the 
first 7 days following valve replacement so that a 
pseudoendothelial membrane can develop over 
the sewing ring and sutures. This prevents an 
early nidus of thrombus formation, and warfa- 
rin will be more protective after that time. 

Years ago one of us (D. L.) noted that patients 
who had mitral stenosis and clotted left atrium 
and who had been taking warfarin in adequate 
dosage since the onset of atrial fibrillation had 
layering of fresh to organized clot. This finding 
seemed to indicate that warfarin alone, when 
started late, may not be able to prevent the pro- 
cess from beginning. 


Bleeding complications due to warfarin were 
not inconsequential. Twenty-eight patients 
(6.4%) had nonfatal episodes, and 4 additional 
patients died of cerebral bleeding. However, it 
would appear that all prosthetic valves today 
must be protected by anticoagulants. Tissue 
valves seem to do well without these agents, 
though in patients with large left atrium, atrial 
fibrillation, or low-output state anticoagulants 
must be used with these valves also. 

The Bjérk-Shiley prosthesis has performed 
well in our experience; the only 2 malfunctions 
were due to sutures interfering with closure of 
the aortic disc. Incidence of infection and 
perivalvular leak has been low, and no leaflet 
embolization or cocking of the disc from tissue 
ingrowth has occurred. Three of our infections 
(50%) arose after dental work without antibiotic 
protection. There have been no instances of 
hemolytic anemia in this group [1, 14]. 

Late mortality was 15% over the 6-year 
period. Valve-related death accounted for 50% 
of these patients, but the largest single group 
were patients dying late in congestive heart fail- 
ure. This finding correlates with the actuarial 
curve in Figure 6 showing a striking incidence of 
late death in the Class IV patients, as has been 
noted by others [22]. It is doubtful that 
the lack of myocardial protection at the time 
of operation contributed to mortality since sur- 
vival was excellent in Class I and Class III. It 
should be pointed out that no patient was re- 
fused operation because of the severity of his or 
her heart disease, but only when disease in 
another organ system precluded a surgical at- 
tempt. In view of the high mortality in Class IV 
patients, early recognition of disease and, of 
course, early operation, particularly in the aortic 
stenosis group, are crucial. 
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Discussion 

DR. JOHN J. COLLINS (Boston, MA): The Bjérk-Shiley 
valve, as evidenced in this presentation as well as 
others, is an adequate prosthetic device. However, 
the rather high incidence of fatal embolic complica- 
tions noted in this study, attests to the fact that it is an 
adequate physiological prosthetic valve. I think the 
mechanical and physiological function of the valve are 
inseparable and of equal importance. That there were 
three times as many fatal as nonfatal emboli is confus- 
ing. This is exceedingly strange in our experience. | 
think most of us find that there may be four or five 
times as many nonfatal embolic complications, some 
of which are very brief and perhaps even not instantly 
recognizable to the patient. In this study there seems 
to have been an inordinate number of persons who 
died of either a clotted valve or some exceedingly 
serious embolic problem. 

Twenty-one percent of the patients suffered some 
complication related to anticoagulation. To have such 
a large percentage of persons involved in a bleeding 
accident over an average of 35 or 40 months is a very 
real problem. If one adds to that the complication rate 
attributed to embolic disease, about 30% of the pa- 
tients in this series seem to have had either throm- 
boembolic or hemorrhagic complications. I think this 
is intolerably high, particularly when the use of a 
tissue valve—porcine or homograft—virtually ob- 
viates that problem. 

Our approach to the problem of valve replacement 
has been to select that valve which provides adequate 
mechanical function, as low a thromboembolic rate as 
possible, and the longest endurance possible. We 
have used primarily the Hancock and Bjérk-Shiley 
valves. In our series, fewer than 5% of 71 patients, 
none of whom had received anticoagulants, had had 
an embolic eposide of any detectable source up to 
about 42 months, whereas our experience with the 
Bjérk-Shiley valve is considerably different. 

In summary, I think the Bjérk-Shiley valve falls far 
short of the requirements for a physiologically accept- 
able valve. Jam not certain what would happen if, in 
addition to Coumadin, some type of drug that reduces 
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platelet adhesiveness were used. Nor am I certain that 
the so-called therapeutic levels of Coumadin are pre- 
cisely what is needed. Perhaps one might be able to 
cut the dose in half, or even 25%, thus reducing 
hemorrhagic complications; and, by adding an anti- 
platelet drug, perhaps reduce the incidence of emboli 
overall and come out in the aggregate with a more 
acceptable device. But until that information is avail- 
able, the Bjérk-Shiley valve, in my opinion, falls short 
of the porcine valve as an adequate prosthetic device. 


DR. JAVIER FERNANDEZ (Browns Mills, NJ): Our results 
with the Bjérk-Shiley valve have been somewhat dif- 
ferent than those reported by the previous speakers. 

In 1972 we presented our initial results with this 
prosthesis in the aortic position. Since then we have 
implanted more than 700 Bjérk-Shiley aortic pros- 
theses, of which 532 were for isolated replacement. 

The total operative mortality for isolated aortic 
valve replacement was 6.7%; no deaths were related 
to the valve. However, some of the late deaths (6.2% 
over a six-year period) were valve related. There were 
six peripheral emboli 1 death and seven valve throm- 
boses (3 survivals and 4 deaths). The overall throm- 
boembolic complications was 2.4%. 

Prior to October, 1973, we were orienting the valve 
with the smaller aperture toward the septum (250 
valves implanted), and all 7 instances of valve throm- 
bosis occurred in that group. We have since oriented 
the valve with the hinge area toward the left coronary 
cusp in an effort to decrease turbulence, and we have 
not seen another instance of prosthetic thrombosis. 
We still think anticoagulation is important. The inci- 
dence of perivalvular leaks in these patients was only 
2%, and the cumulative overall survival (up to six 
years) was 37%. 

One question of Dr. Lepley’s group: Do you think 
_ the orientation of the valve in the aortic position is 
important with regard to thrombosis? 


DR. WATTS R. WEBB (Syracuse, NY): Since 1973 we have 
used the Lillehei-Kaster valve, a tilting-disc valve 
similar to the Bjérk-Shiley prosthesis. During this 
time we have implanted 139 aortic valves, 114 mitral 
valves, and 4 tricuspid valves. Of these, 14 were dou- 
ble or triple valve replacements. There were only 
seven thromboembolic episodes, six of which were 
transient and nonfatal and one of which was a throm- 
bosed valve in the mitral position. This is the only 
thrombosed valve we have seen, giving an incidence 
of something under 0.5%, as opposed to2.7% reported 
for the Bjérk-Shiley prosthesis. Our total incidence of 
thromboembolism is 1.4 per 1,000 months. 

We do give them all anticoagulants and continue 
anticoagulation for as long as we can, unless there is 
some overwhelming contraindication. By keeping the 
warfarin dosage at a level that gives a prothrombin 
time of 1.5 to 2 times the control value, we have seen 
no major bleeding episodes and only avery few minor 
episodes. During this period only 1 valve has become 


infected. Thus we now believe that this prosthesis is 
an effective mechanical and physiological substitute. 


DR. LAWRENCE I. BONCHEK (Milwaukee, WI): I am im- 
pressed by the low incidence of thromboembolic 
complications in this study. In fact, 1.5 emboli per 
1,000 months is lower than that reported by other 
groups with this or other mechanical prostheses, par- 
ticularly in the mitral position. Parenthetically, in re- 
gard to Dr. Collins’ remarks, the apparent high inci- 
dence of fatal embolic complications may well be due 
to the authors’ willingness to attribute all unexplained 
deaths to thromboembolic complications. 

I would like to draw your attention to the an- 
ticoagulant regimen recommended by the authors in 
which full heparinization is begun as soon as is prac- 
tical after operation. This reminded me of some work 
we reported in Annals of Surgery in 1966. We were 
working at that time on the first cloth-covered valves 
at the National Institutes of Health, and we feared that 
massive fibrin deposition soon after valve implanta- 
tion might set the stage for embolic problems. Using a 
rather thrombogenic plastic Melrose valve as a severe 
test of our hypothesis, we sought to prevent early 
fibrin deposits by giving Dextran intravenously to 
one group of calves for five to seven days and no 
Dextran to control animals. Valves from animals that 
received Dextran were free of fibrin deposits on post- 
mortem examination one week postoperatively, while 
valves from control animals had substantial fibrin de- 
posits. 

I believe these findings substantiate the assertion 
that fibrin deposits may start early after operation and 
cause later problems. It may be worthwhile to con- 
sider a more aggressive approach to anticoagulation 
early after valve replacement, before warfarin takes 
effect, as Dr. Lepley and Dr. Flemma have been rec- 
ommending for many years. I believe this may be 
wise regardless of the particular prosthesis used, and I 
have adopted this policy myself when I implant a 
mechanical prosthesis. 


DR. WAYNE O. 180M (New York, NY): Between 1967 and 
1974 we implanted 1,341 Starr-Edwards cloth-covered 
valves at New York University, with an overall opera- 
tive mortality of 15%. Five-year survival has been 
79%. 

There was an incidence of 0.8% fatal thromboem- 
bolism and about 2.9% nonfatal thromboembolism 
per year when plotted actuarily. The incidence is 
probably higher, because we experimented with our 
anticoagulant regimen starting in December, 1970, 
stopping the anticoagulants after a month for the mit- 
ral valves and after a year for the aortic valves. The 
incidence increased noticeably. We found that the 
incidence in the patients who were chronically an- 
ticoagulated was 0.9% in a year, which, though high, 
is not as high as in the other group, 

My question to the authors is: What do you do with 
a patient in whom you have implanted a Bjérk-Shiley 
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valve and who has peptic ulcer disease or some diffi- 
culty with bleeding? 


DR. FLEMMa: Yes, we had a relatively high number of 
fatal complications. I can’t answer why. I can say that 
in putting these data together, Dr. Lepley took any- 
thing he couldn’t understand—some of the infarcts, 
some of the arrhythmias—and classified them as 
thromboembolic complications. This may be one of 
the reasons our rate is high. l 

Dr. Fernandez, concerning the orientation of the 
Björk-Shiley valve, I have heard the discussions by 
Dr. Björk and others about turning it. Basically, we 


have oriented it so as to face the septum toward the 
aortic outflow tract. I think the most important rule we 
follow is to place it so that it can open freely, and that 
is the position we use, being sure that it is free to 
move. This may well account for some of the clotting 
of the valve. 

We have not been averse to using the porcine 
heterograft in patients with peptic ulcer or other prob- 
lems. If a patient has a Bjérk-Shiley valve and needs 
anticoagulation but has a contraindication to it, we 
have used Persantine and aspirin. One of the patients 
who died was a man who developed thrombosis on 
his valve when we had to stop anticoagulation. So this 
is a severe problem that we have no answer for. 





Notice from The Society of Thoracic Surgeons 


Call for Abstracts—1978 Meeting 
(Deadline: August 31, 1977) 


Abstracts for papers to be presented at the 1978 
Annual Meeting of The Society of Thoracic Sur- 
geons are now being accepted. The meeting is to 
be held at the Sheraton Twin Towers Hotel, Or- 
lando, Florida, January 23-25, 1978. 

The deadline for receipt of abstracts is Au- 
gust 31, 1977. An original and eight copies 
should be submitted on the official society 
abstract form to Marvin M. Kirsh, M.D., Chair- 
man, Program Committee (Abstracts), The Soci- 
ety of Thoracic Surgeons, 111 E Wacker Dr, 
Chicago, IL 60601. The forms are available upon 
request from the Society. Abstracts must sum- 
marize an original contribution not presented or 
submitted elsewhere. Abstracts received after 
the deadline will not be considered. It is re- 
quested that the covering letter indicate the au- 
thor who is to receive notice of acceptance or 
rejection and the author who will present the 
paper. 

The Program Committee reserves the right to 
select papers for either regular or forum-type 
presentation. The author may also designate his 
preference for presentation in the forum. Es- 
sayists are reminded that the complete manu- 
script must be submitted in duplicate either to 
the Editor of The Annals of Thoracic Surgery be- 
fore the meeting or to the Secretary of the Society 
at the meeting, immediately prior to presenta- 
tion. 


Call for Surgical Films 
(Deadline: September 7, 1977) 


` The popular surgical movie program will again 


be presented at the Orlando meeting. The Pro- 
gtam Committee hereby solicits the submission 
of surgical films, which may portray a surgical 
procedure or simply a technical maneuver that 
the surgeon thinks will be of interest to the Soci- 
ety. The film may not exceed 10 minutes in 
length. Sound movies are acceptable but not 
necessary, and live narration by the principal 
surgeon is a requirement for participation in the 
movie night program. The movies may be on 
Super-8 or 16-mm film. The deadline for sub- 
mission of films is September 7, 1977. Films also 
should be sent to Marvin M. Kirsh, M.D., 
Chairman, Program Committee, at the Society 
office, 111 E Wacker Dr, Chicago, IL 60601. 


Application for Membership 

(Deadline: September 1, 1977) 

Requests for membership application forms 
should be addressed to Charles R. Hatcher, 
M.D., Chairman, Membership Committee, The 


© Society of Thoracic Surgeons, 111 E Wacker Dr, 


Chicago, IL 60601. 

The completed application forms and sup- 
porting letters must be in the hands of the Mem- 
bership Committee by September 1, 1977, for 
the applicant to be considered for election at the 
Orlando meeting next January. 


Thomas D. Bartley, M.D. 
Secretary 


Replacement of the. 


Ascending Aorta and. Aortic Valve with a 
Composite Graft: Results in 25 Patients 


Nicholas T. Kouchoukos, M.D., Robert B. Karp, M.D., and William A. Lell, M.D. 


ABSTRACT Our experience with combined re- 


placement of the ascending aorta and aortic valve 
with a composite prosthetic valve~Dacron tube graft 
in 25 patients from September, 1974, to December, 
1976, is reviewed. The technique involves suture of 
the composite graft to the aortic annulus, to the aortic 
tissue surrounding the coronary ostia, and to the dis- 
tal ascending aorta, closing the aortic wall over the 
graft before discontinuing cardiopulmonary bypass. 
Annuloaortic ectasia was the most common indica- 
tion for operation (15 patients). Perfusion of the coro- 
` nary arteries was used in the first 5 patients. In the 

remaining 20, internal and external myocardial cool- 

ing with one period of ischemic arrest (average, 67 
minutes) was used. There was 1 hospital death (4%), 
-and there have been 3 late deaths (12%) in the 27- 

month follow-up period. This technique appears to 

be applicable to most types of aneurysmal disease of 


the proximal ascending aorta associated with aortic 


valve incompetence. All aneurysmal tissue from the 
aortic annulus to the innominate artery is.excluded, 
bleeding through the graft is eliminated, operative 
time is reduced, and the late results have been satis- 
factory to date.’ 


Surgical treatment of aneurysmal disease of the ` 


ascending aorta in association with aortic valve 
incompetence usually involves replacing the 
` aortic valve and varying lengths of the ascend- 
ing aorta. In 1968, Bentall and DeBono [1] de- 
scribed a technique for total prosthetic replace- 
ment of the ascending aorta and..aortic valve 
‘with implantation of the coronary arteries into 


. the aortic graft. Results of this and similar tech- ` 
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niques have since been reported by several 
groups [2, 3, 5-8, 13]. 

We present here our experience with com- 
bined replacement of the ascending aorta and 
aortic valve using a.composite prosthetic 
valve—Dacron tube conduit during a 27-month 
period: Modifications of previously described 
techniques are detailed, and our current indica- 
tions for the use of this prosthesis are presented. 


-Clinical Material 


Between September, 1974, and December, 1976, 


. 25 patients (17 men, 8 women) on one surgical ` 


service underwent combined replacement of the 
aortic valve and ascending aorta by means of a 
composite prosthetic valve-Dacron tube graft. 
Patient ages ranged from 19 to 77 years (mean, 50 . 
years). Twenty-three patients had clinical and 
angiocardiographic findings of moderate or se- 
vere aortic valve incompetence. The abnor- 
malities of the ascending aorta, resulting in the 
aneurysmal changes, are listed in the Table. Fif- 
teen patients had aneurysmal dilatation of the 
ascending aorta associated with dilatation of the 
aortic annulus or marked distortion of the aortic 
valve leaflets, which resulted in valve incompe- 
tence (annuloaortic ectasia). Five of these had 
the clinical stigmata of Marfan’s-syndrome, 4 `. 
had chronic DeBakey Type I dissecting - 
aneurysms [4], and 3 had DeBakey Type Il dis- 
secting aneurysms (1 acute, 2 chronic). One of : 
the last patients had Marfan’s syndrome. The: 
acute dissection occurred in a patient with se- 
vere calcific aortic stenosis and associated coro- 
nary artery disease. One patient developed ` 
aneurysmal! dilatation of the sinuses of Valsalva 
and aortic valve incompetence four years after 
the ascending aorta was replaced with a Dacron 
tube graft for a Type II acute dissection. One 
patient had severe luetic aortitis with associated 
coronary artery disease. An additional patient 
had previously undergone replacement of the 
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Abnormalities of Ascending Aorta in 25 Patients 
Having Replacement of the Ascending Aorta and 
Aortic Valve 


No. of 
Abnormality Patients 
Annuloaortic ectasia 15 
DeBakey type I dissection (chronic) 4 
DeBakey type II dissection 3 
Acute 1 
Chronic 2 
Aneurysmal dilatation of sinuses 1 
of Valsalva following repair of 
type I dissection 
Luetic aortitis 1 
Poststenotic dilatation 1 





aortic valve with a Starr-Edwards Model 2320 
cloth-covered metallic ball prosthesis for calcific 
aortic stenosis. She developed late stenosis of 
the prosthesis [9] and at reoperation was found 
to have severe post-stenotic dilatation of the as- 
cending aorta. 


Operative Technique 


The basic technique, with modifications, is that 
described by Bentall and DeBono [1] and Ed- 
wards and Kerr [5]. A median sternotomy inci- 
sion is used. The common femoral artery is 
exposed for cannulation, and a single large can- 
nula is inserted into the right atrium for venous 
drainage. Cardiopulmonary bypass is estab- 
lished with a clear prime at a flow of 2.0 to 2.2 
Limin/m?. A vent is inserted through the right 
superior pulmonary vein into the left ventricle 
(Fig 1A). Direct coronary perfusion, as de- 
scribed by Edwards and Kerr [5], was used in the 
first 5 patients. In the remaining 20 patients, 
internal and external cooling of the myocardium 
without direct coronary perfusion was used. 
This method represents a major difference from 
previously described techniques. 

Internal cooling of the myocardium is 
achieved by decreasing the temperature of the 
perfusate to 12°C over a period of 5 to 8 minutes. 
The heart continues to beat during this interval. 
Perfusion at 12°C is maintained for an additional 
3 to 5 minutes, if possible, or until ventricular 
fibrillation occurs. At this point, external cool- 
ing of the myocardium is begun with lactated 


Ringer's solution (4°C) through a catheter placed 
in the posterior portion of the pericardial cavity. 
One to 2 liters of the solution is dripped into 
the pericardial cavity during the remainder of 
the procedure. A sump catheter is anchored 
to the pericardium inferiorly with the tip at the 
level of the lower end of the aortic incision. This 
allows continuous removal of fluid and a dry 
operative field while cooling as much of the left 
ventricular myocardium as possible. A second 
tube is sometimes placed through the opened 
aorta, and the inner aspect of the left ventricle is 
bathed in cold solution. The left ventricular vent 
can be adjusted so that this fluid can be removed 
slowly and the water level kept below the aortic 
annulus. 

When ventricular fibrillation or left ventri- 
cular distention develop, the aorta is occluded 
just below the innominate artery and the tem- 
perature of the perfusate is taken to 28° to 32°C. 
The ascending aorta is opened longitudinally in 
its midportion, and the incision is extended ob- 
liquely toward, but not into, the noncoronary 
sinus (see Fig 1A). None of the aneurysm is 
excised, and the edges are retracted with sutures 
(Fig 1B). The aortic leaflets are excised, and the 
appropriate-sized composite prosthesis (woven 
Dacron tube graft sutured to a Bjérk-Shiley 
tilting-disc or Starr-Edwards ball valve pros- 
thesis) is sutured to the aortic annulus using 
multiple double-armed 2-0 Ticron sutures and 
pledgets of Teflon felt (Fig 1C). The sutures are 
passed through the annulus, tied to the sewing 
ring of the prosthesis (Fig 1D), and placed im- 
mediately adjacent to each other to assure a 
watertight closure. A button of graft, 8 to 10 
mm in diameter, is excised from the area corre- 
sponding to the location of the left coronary 
ostium. A continuous 4-0 Prolene suture (Fig 
1D, E) is used to suture the graft to the aortic wall 
adjacent to the ostium. Similarly, a button of 
graft is excised anteriorly, and the graft is su- 
tured to the aortic wall adjacent to the right 
coronary ostium (Fig JE). If two or more 
branches of the right coronary artery originate 
directly from the aorta, a larger button can be 
excised. The left edge of the divided aorta is 
reflected anteriorly as this anastomosis is com- 
pleted (Fig 1F). 

The graft is trimmed to the appropriate length 
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Fig 1. (A) Venous drainage is established with a single 
cannula in the right atrium, and a vent is inserted 
‘n, through the right superior pulmonary vein into the 
w leftventricle. Dashed line indicates aortic incision. 
tid (B-J) The operative technique (see text for details). 
(LC= left coronary ostium; RC = right coronary 
J ostium). 
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and is bevelled with the tip of the bevel ante- 
riorly. A strip of Teflon felt is passed between 
the aorta and the pulmonary artery and is used 
to reinforce the distal suture line (Fig IF). The 
graft is then anastomosed to the aorta just prox- 
imal to the clamp with a continuous 3-0 Prolene 
suture. If no dissection is present, the posterior 
half of the anastomosis can be completed from 
inside the aorta in an over-and-over fashion (Fig 
1F). If a dissection is present, a horizontal mat- 
tress stitch is used, incorporating the strip of 
Teflon felt, both layers of the aorta, and the graft. 
In either situation the suture line is extended 
anteriorly as a mattress suture, everting 
the graft under the opened aorta, and the row 
is secured (Fig 1G, H). Rewarming is begun, 
and the aortic clamp is opened briefly to 
evacuate air from the graft and to check for ex- 
cessive bleeding from the suture lines. The 
clamp is reapplied and the edges of the aorta are 
trimmed (Fig 1H) and approximated with a con- 
tinuous 3-0 Prolene suture reinforced by strips 
of Teflon felt (Fig 1I). Prior to completion of the 
closure, a needle vent is placed in the aorta adja- 
cent to the graft (Fig 1I) and coronary perfusion 
is established. Closure is completed, the left 
atrial vent is removed, air is evacuated from the 
left ventricle and aorta, the heart is defibrillated, 
and cardiopulmonary bypass is discontinued 
(Fig 1)). 

In the patient who developed aneurysmal di- 
latation of the sinuses of Valsalva following re- 
placement of the ascending aorta, the composite 
graft was sutured distally to the previously in- 
serted Dacron graft, and the remainder of the 


procedure was performed as described above. In ` 


2 patients with associated coronary artery dis- 
ease, segments of saphenous vein were inserted 
into the left anterior descending coronary artery 
during separate, short periods of ischemic ar- 
rest. The anastomoses to the ascending aorta 
adjacent to the graft were performed after re- 
warming and defibrillation had been completed. 

In 21 patients woven Dacron tube grafts were 
sutured to either Starr-Edwards Model 1260 aor- 
tic prostheses (4 patients) or to Bjérk-Shiley 
tilting-disc prostheses (17 patients). The tube 
grafts were 3 to 5 mm larger in diameter than the 
outside diameter of the prosthetic sewing ring. 
Composite grafts, prepared by Shiley Lab- 


oratories, were used in the remaining 4 pa- 
tients. 

Mean duration (+ standard deviation) of car- 
diopulmonary bypass was 123 + 15 minutes 
(range, 105 to 140 minutes) for the 5 patients who 
underwent coronary perfusion and 97 + 19 min- 
utes (range, 77 to 150 minutes) in the 20 patients 
who had myocardial cooling. This difference 
was Statistically significant (p < 0.01). The dura- 
tion of hypothermic ischemic arrest in the latter 
group averaged 67 + 10 minutes (range, 50 to 90 
minutes), 


Results 
Early 


There was 1 hospital death (4%). A 65-year-old 
man with severe luetic aortitis, aortic valve in- 
competence, and three-vessel coronary disease 
died postoperatively. Because of severe distal 
coronary atherosclerosis, only the left anterior 
descending coronary artery could be bypassed. 
He had progressive hemodynamic deterioration 
following discontinuation of cardiopulmonary 
bypass despite maximal inotropic support. The 
intraaortic balloon device could not be inserted 
because of severe atherosclerosis in both the 
abdominal aorta and remainder of the ascending 
aorta. 

One patient required reoperation for bleed- 
ing, which was primarily from the substernal 
tissues. No discrete bleeding site on the aor- 
totomy was identified. A second patient re- 
quired reoperation because of acute prosthetic 
valvular incompetence occurring early postoper- 
atively. This resulted from compression of the 
tube graft immediately above the valve by the 
aortic wall, which had been closed tightly over 
the proximal portion of the graft. At reoperation 
a Dacron patch was inserted into the aortic wall 
to relieve the compression. Both patients recov- 
ered uneventfully. 

Four of the 19 survivors who had hypothermic 
ischemic arrest, but none of the 5 who had coro- 
nary perfusion, réquired inotropic support with 
epinephrine or dopamine in the operating room 
following discontinuation of cardiopulmonary 
bypass. Two of the 4 required continued sup- 
port in the postoperative period for 1 and 2 days, 
respectively. Two additional patients required 
inotropic support in the postoperative pe- 
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riod—1 for 3 days (coronary perfusion), the 
other for 4 days (hypothermic ischemic arrest). 
Thus 1 of 5 patients (20%) with coronary perfu- 
sion and 5 of 19 (26%) with hypothermic 
ischemic arrest required postoperative inotropic 
support. This difference was not statistically 
significant. 

Postoperative cardiac output determinations 
were obtained in 17 patients. The mean cardiac 
index obtained 4 to 8 hours after operation was 
3.1 + 0.9 Limin/m’. The value was 3.0 + 1.3 for 4 
patients who had coronary perfusion, and 3.2 + 
0.9 Limin/m’ for 13 who had hypothermic 
ischemic arrest. During this same interval the 
mean left atrial pressure averaged 11.0 + 3.4mm 
Hg for the 5 patients with coronary perfusion 
and 9.4 + 2.2 for the 19 survivors with 
hypothermic ischemic arrest. Preoperative and 
postoperative (seventh day) electrocardiograms 
were available for 18 patients. No changes diag- 
nostic of myocardial infarction were observed in 
any patient. 

Postoperative aortic root angiograms were ob- 
tained in 7 patients. Widely patent graft-ostial 


Fig 2. Postoperative aortic root angiogram showing 
widely patent graft-ostial anastomoses. (A) Right 
coronary artery. (B) Left coronary artery. 


anastomoses were observed in 6 patients (Fig 2). 
In the seventh patient, who had Marfan’s syn- 
drome and aortic incompetence but small 
sinuses of Valsalva proximal to a large aneurysm 
of the ascending aorta, compression of the left 
main coronary artery by the sewing ring of the 
Bjork-Shiley prosthesis was noted. At operation 
the coronary ostia were seen not to be displaced 
as far superiorly as with the more commonly 
occurring type of annuloaortic ectasia. The pa- 
tient subsequently had a saphenous vein bypass 
graft to the anterior descending coronary artery. 


Late 


There have been 3 late deaths (12%). One pa- 
tient died 3 weeks after discharge from the hos- 
pital of ventricular fibrillation following at- 
tempted cardioversion for atrial fibrillation. 
Preoperatively and early postoperatively she 
had had marked ventricular irritability, which 
was controlled with drug therapy. Postmortem 
examination disclosed a markedly enlarged 
heart (650 gm) with biventricular hypertrophy 
and dilatation. The composite conduit was 
functioning properly, and both coronary ostia 
were widely patent. A second patient died 6 
weeks postoperatively after reoperation for 
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prosthetic endocarditis. The third patient died 
suddenly 2 months postoperatively. She needed 
operation for a stenotic prosthetic aortic valve 
and had required insertion of a permanent 
pacemaker for control of arrhythmias following 
initial replacement of her calcified aortic valve. 
She had marked ventricular irritability follow- 
ing the second operation as well. 

All survivors improved symptomatically in 
the 27-month follow-up period. Marked reduc- 
tion in heart size has been noted in the majority 
of patients. All patients have received an- 
ticoagulant therapy with warfarin. One patient 
sustained a cerebral embolism 4 months post- 
operatively and has a mild residual expressive 
aphasia. 


Comment 

In the evolution of surgical treatment of ascend- 
ing aortic aneurysms associated with aortic 
valve incompetence, progressively larger seg- 
ments of the ascending aorta have been re- 
placed. A standardized approach involves re- 
placement of the ascending aorta from the level 
of the aortic commissures to a site proximal to 
the origin of the innominate artery, with 
prosthetic replacement of the aortic valve. This 
technique does not eliminate the potential for 
aneurysmal dilatation of the sinuses of Valsalva 
to develop in patients with abnormalities of the 
aortic wall. This complication, reported by 
Symbas and associates [10] in a patient with 
Marfan’s syndrome following replacement of 
the aortic valve and ascending aorta, was ob- 
served in 1 patient in our series following repair 
of a DeBakey Type II dissection. 

In 1964 Wheat and colleagues [12] reported 
essentially total replacement of the ascending 
aorta and aortic valve for treatment of a large 
aneurysm of the ascending aorta associated with 
aortic valve incompetence, retaining only small 
cuffs of aortic wall surrounding the coronary 
ostia. This technique excluded the majority of 
the dilated aortic sinuses. However, postopera- 
tive bleeding was a problem, and periprosthetic 
leakage was not eliminated [11]. 

The technique reported by Bentall and De- 
Bono [1] offered several advantages over previ- 
ous techniques. The entire proximal ascending 


aorta was excluded, and periprosthetic leakage 
was eliminated. After the aortic wall adjacent to 
the coronary ostia was sutured to the graft, the 
redundant aortic wall was tailored and wrapped 
around the graft, thus eliminating bleeding 
through the graft as a source of postoperative 
hemorrhage. In this and subsequent reports, di- 
rect perfusion of the coronary arteries was used 
[2, 3, 5-8, 10]. Zubiate and Kay [13] reported 6 
patients in whom a similar graft was used. They 
advised direct anastomosis of the dilated and 
displaced coronary arteries to saphenous vein 
grafts. This modification was thought to be par- 
ticularly useful when dissection was present 
around the coronary ostia. Direct coronary per- 
fusion was not used, however, and the myocar- 
dium was protected by local surface cooling. 
In the present series, myocardial protection 
with internal and external myocardial cooling 
was used in 20 patients. No differences in early 
postoperative cardiac performance were ob- 
served between these patients and those who 
underwent coronary perfusion. Elimination of 
coronary perfusion significantly reduced the 
duration of cardiopulmonary bypass. The isch- 
emia time (average, 67 minutes) in the group 
with myocardial hypothermia was well tolerated 
by the 19 patients who survived operation. 
Closure of the aortic wall over the Dacron graft 
before discontinuation of cardiopulmonary 
bypass has eliminated the problem of critical 
bleeding through the graft. Excessive blood loss 
can occur if closure of the aortic wall over the 
graft is delayed until cardiopulmonary bypass 
has been discontinued and protamine has been 
administered. One patient in our series de- 
veloped malfunction of the aortic valve pros- 
thesis as a result of compression of the tube graft 
by the aortic wall, which was closed too tightly. 
This complication can be prevented by tran- 
siently releasing the aortic cross-clamp after 
completion of the distal aortic anastomosis. This 
distends the graft and allows appropriate trim- 
ming of the aortic wall. Preclotting of the Dacron 
tube graft reduces the amount of bleeding 
through the prosthesis during this interval. Be- 
cause the size of the composite graft often cannot 
be determined until the aorta has been opened 
and the valve excised, we now preclot the grafts 
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by combining heparinized blood with topical 
thrombin.* We have not encountered the com- 
plication of compression of the graft by 
hematoma between the aortic wall and the graft. 

Use of a composite graft may be difficult in 
patients with very narrow aortic annuli, with 
small sinuses of Valsalva, or in whom the coro- 
nary ostia are in close proximity to the annulus. 
Compression of the left main coronary artery by 
the sewing ring of a Bjork-Shiley disc prosthesis 
was observed in 1 patient with Marfan’s syn- 
drome who had marked narrowing of the aorta 
above the aortic commissures, minimally di- 
lated sinuses of Valsalva, and a normal aortic 
annulus. Subsequent grafting of the left coro- 
nary arterial system was required in this patient. 
If this situation is encountered, it may be prefer- 
able to replace the aortic valve separately and 
anastomose the graft to the aorta above the 
commissures. For instances of aortic dissection 
in which the tissue around the coronary ostia is 
friable, or for other situations in which this tis- 
sue may not support sutures, saphenous vein 
bypass grafts anastomosed directly to the coro- 
nary ostia [2, 13], or to suitable distal segments, 
are probably preferable. 

We believe that combined replacement of the 
ascending aorta and aortic valve, using the tech- 
nique described, is applicable to most types of 
aneurysmal disease of the proximal ascending 
aorta associated with aortic valve incompetence. 
It appears suitable for the majority of patients 
with annuloaortic ectasia and for some patients 
with both acute and chronic dissections of the 
ascending aorta with coexisting aortic valve in- 
competence. It has also been used in patients 
with luetic aortitis, recurrent aneurysmal dilata- 
tion of the sinuses of Valsalva following resec- 
tion of the ascending aorta, and poststenotic 
dilatation following aortic valve replacement. 
With this technique, in which all aneurysmal 
tissue from the aortic annulus to the innominate 
artery is excluded, significant bleeding through 
the graft and from anastomotic suture lines has 
been eliminated, operative time has been re- 
duced, adequate cardiac function has been 


*Suggestion of Dr. Norman Shumway, 1976. 


maintained postoperatively, and the late results 
have been satisfactory. 
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Discussion 


DR. CONSTANTINE E. ANAGNOSTOPOULOS (Chicago, IL): 
Although some may disagree, Drs. Symbas, 
Kouchoukos, myself, and others have noted the post- 
operative development of sinus of valsalva aneurysms 
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in inadequately replaced ascending aortic aneurysms 
or conditions characterized by uniformly poor aortic 
wall, even at the most proximal centimeter of tissue. 
Therefore, I agree with the authors that this simul- 
taneous attack on congenital and acquired heart dis- 
ease, valves, aorta, and coronary arteries is justified, 
especially when made simple and elegant. 

My three questions to Dr. Kouchoukos are: Why 
was the aortic valve replaced in the 2 patients with 
little or no aortic insufficiency? I gather there was 1 
patient who had late prosthetic stenosis and that 1 
other may have had luetic aortitis. 

How much myocardial cooling was used after the 
12°C perfusion of the myocardium? You imply that 
only 2 liters of 4°C Ringer’s lactate is used for the 
whole period of anoxia; how much of this gets aspi- 
rated back into the pump? Was it used inside the left 
ventricle? 

Also, how many patients developed complete heart 
block? It may be part of the operation to get complete 
heart block, as some of these patients have no aortic 
ring. Nevertheless, I would like to know how many 
required permanent pacemakers. 

In our experience with 6 such successful proce- 
dures, in order to avoid the problem of obstruction of 
a proximal left main coronary artery (one in which the 
ostium is very close to the aortic ring), we have su- 
tured the composite graft and valve under the aortic 
annulus posteriorly, essentially on the mitral valve. 

We have opened the graft for a true end-to-side 
coronary-graft anastomosis performed from within 
on a free cuff of the left main ostium. I think this is a 
more secure anastomosis. It was also necessary in 1 
patient who developed a fistula six months after the 
side-to-side anastomosis. 

In another 5 patients with ascending aortic dilata- 
tion of less than 6 cm in the presence of indications for 
aortic valve replacement, a simple Dacron wrap was 


utilized outside the aorta following discontinuation of 
bypass. This alternative may be of use when the sur- 
geon is hesitant to undertake the complete composite 
graft and valve operation, especially in the absence of 
dissection, Marfan’s syndrome, or true atherosclerotic 
aneurysms. 

A warning: in cases of dissection the right coronary 
artery occasionally is disrupted. When one looks from 
inside the aorta there appears to be an opening of the 
right coronary artery. But looking in the medial space, 
one can see a disrupted intimal continuity. In these 
patients saphenous vein graft should be used. 

Finally, this operation may be the only way to treat 
the subgroup of patients with dissection who arrive 
alive and in shock with a free tear in the ascending 
aorta. In all likelihood the plane of dissection is so 
superficial that the proximal aortic adventitia has no- 
residual tensile strength. 


DR. KOUCHOUKOsS: To answer Dr. Anagnostopoulos’ 
questions: The 2 patients who did not have severe 
aortic incompetence had aortic stenosis. One de- 
veloped late stenosis of a Starr-Edwards cloth-covered 
prosthetic valve and at the time of reoperation also 
had developed progressive aneurysmal dilatation of 
the ascending aorta. The other patient had calcific 
aortic stenosis associated with an acute dissection. 

We irrigate the pericardial cavity with 1 to 2 liters of 
fluid during the procedure. Most of this fluid is not 
aspirated into the heart-lung circuit; rather, it is re- 
moved by means of a sump catheter. 

None of the patients in this group developed com- 
plete heart block; therefore, none required a perma- 
nent pacemaker. 

Dr. Anagnostopoulos’ technique for managing the 
left coronary ostium when it is adjacent to the aortic 
annulus should prove useful when this situation is 
encountered, 


Sequential Hemodynamic Studies in 
Patients Having Aortic Valve Replacement 
with the Ionescu-Shiley Pericardial Xenograft 
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ABSTRACT Sequential hemodynamic studies were 
performed in 13 patients having aortic valve replace- 
ment with glutaraldehyde-stabilized pericardial 
xenografts. The investigation done preoperatively 
was repeated twice in all patients at mean intervals of 
9.9 and 42.2 months following valve replacement. 
Annulus diameters of the valves were 19, 23, and 25 
mm. 

Between the preoperative and the first postopera- 
tive investigation there was a significant increase in 
cardiac index (p < 0.05) and a significant reduction in 
both pulmonary wedge and left ventricular end- 
diastolic pressures (p < 0.01). At the first postopera- 
tive study the mean ejection systolic gradient across 
the three sizes of aortic pericardial xenograft was 7, 
15.7, and 8.4 mm Hg at rest and 10, 19.6, and 13.7 mm 
Hg on exercise, respectively. The corresponding sur- 
face areas of the three valve sizes were 1.1, 1.5, and 
1.62 cm’ at rest and 1.4, 2.1, and 2.03 cm’ on exercise. 
There was no significant change in any of these mea- 
surements between the first and the second post- 
operative study. The results have shown considera- 
ble postoperative hemodynamic improvement, in- 
significant transvalvular pressure gradients, and 
maintenance of the functional integrity of the 
pericardial xenograft up to 56 months following valve 
insertion. 


Glutaraldehyde-stabilized pericardial xeno- 
grafts* have been used for heart valve replace- 
ment since March, 1971 [10]. Experience over the 
past 51⁄2 years has shown excellent clinical re- 
sults with aortic, mitral, and tricuspid valve re- 
placement. The incidence of thromboembolism, 
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without anticoagulants, has been very low. The 
structural integrity of the valves has been main- 
tained in all positions. Limited circulatory in- 
vestigations have indicated near normal hy- 
draulic performance of the Ionescu-Shiley 
pericardial xenograft. 

In order to evaluate the long-term functional 
integrity of these valves, sequential hemody- 
namic studies were performed in a group of 
patients who underwent aortic pericardial 
xenograft valve replacement. The results of this 
investigation form the basis of this report. 


Clinical Experience 

From March, 1971, through May, 1976, 160 pa- 
tients had aortic valve replacement with 
pericardial xenografts. The 148 hospital sur- 
vivors were followed for a total of 4,087 months 
(6 to 66 months, mean 31). 

Actuarial analysis showed a projected survi- 
val rate (+ standard error) at 6 years of 93.5 + 
3.8%. In the series 94.6 + 2.4% of the patients 
did not require reoperation, 97.4 + 4.9% were 
free from infective endocarditis, and 98.5 + 1% 
were free from thromboembolism in the absence 
of anticoagulant treatment. Each of the two tran- 
sient episodes of systemic embolization oc- 
curred within the first 16 postoperative days 
(0.58 embolic episodes per 100 patient-years). 

Microscopy demonstrated maintenance of 
structural integrity of the pericardial xenografts 
examined. Only 1 valve in the entire series de- 
veloped a cusp tear (26 months following inser- 
tion). Clinically, 96% of the patients attained 
Class I of the New York Heart Association 
Functional Classification following valve re- 
placement. 


Materials and Methods 
Thirteen patients who underwent aortic valve 
replacement with pericardial xenografts be- 
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tween 1971 and 1973 were included in this 
study. The criteria for selection were adequate 
preoperative hemodynamic studies, clinical and 
angiographic evidence of valve competence, 
and informed consent of the patient. The two 
postoperative hemodynamic studies were per- 
formed at mean intervals of 9.9 (range, 6 to 13) 
and 42.2 (range, 27 to 56) months following valve 
insertion. The age, sex, clinical diagnosis, and 
NYHA status of these patients are given in Table 
1. 

All patients studied except 1 with severe 
chronic airways disease (Patient 11) were in 
NYHA Class I at the last postoperative assess- 
ment and were employed full time. No patient 
(except No. 11) was receiving digoxin or diu- 
retics postoperatively, although 7 patients (54%) 
were treated with one or both drugs before op- 
eration. 

All patients were hospitalized 24 hours prior 
to the hemodynamic studies. On admission a 
detailed clinical history, estimation of 
functional capability, physical examination, 
hematological assessment, chest radiograph, 
twelve-lead electrocardiogram, and phonocar- 
diogram were routinely obtained in all patients. 
The hemodynamic studies were performed by 


Table 1. Clinical Details of Patients with 
Sequential Hemodynamic Studies 


Xenograft 
Annulus Preop 
Patient No., Diameter Preop NYHA 
Age (yr), & Sex (mm) Diagnosis Class 
1. 62,F 249 AS Il 
2. 62,M 23 Al m 
3. 52,M 23 AS H 
4. 56,M 23 AVD 0 
5. 62,M 23 AS I 
6. 26,M 23 Al I 
7. 32,M 23 Al iW 
8. 53,M 23 AVD I 
9. 24,M 25 Al M 
10. 50,M 25 AS H 
11.2 58, M 25 AS HI 
12. 41,M 25 Al i 
13. 55,M 25 AI M 





aSevere chronic bronchitis. 


NYHA = New York Heart Association; AS = aortic stenosis; 
Al = aortic incompetence; AVD = aortic valve disease. 


right heart, retrograde left heart, and transseptal 
catheterization in the postabsorptive state with- 
out prior sedation. 

Pulmonary and systemic pressures were ob- 
tained by using strain-gauge manometers 
(SEM 486*), recorded on a multichannel ultra- 
violet light recorder (SEM 3012*) with the zero 
level set 5 cm below the sternal angle. The car- 
diac output was measured by the direct Fick 
method. Hemodynamic data were obtained dur- 
ing a 4-minute period of rest and between the 
fourth and sixth minute of a 6-minute period of 
supine leg exercise on a bicycle ergometer. Aor- 
tic root angiography was performed in all pa- 
tients at the end of each study. The ejection 
systolic gradient across the aortic pericardial 
xenograft was measured by planimetric integra- 
tion of at least five simultaneously recorded 
phasic left ventricular and aortic root tracings. 
The xenograft surface area was calculated ac- 
cording to the hydraulic formula of Gorlin and 
Gorlin [6], using the ejection systolic gradient. 

The probability of statistical significance of 
differences was calculated using Student's t-test 
for paired data. 


Results 


Details of the hemodynamic data are given in 
Tables 2 to 4 and in the Figure. 


Electrocardiographic and Radiological Changes 


There was significant reduction in both left ven- 
tricular voltage and cardiothoracic ratio from the 
preoperative to the first postoperative study (p 
< 0.001). Only the cardiothoracic ratio showed 
further reduction from the first to the second 
postoperative study (p < 0.05), while the left 
ventricular voltage did not change. The mean 
values of these variables are given in Table 2. 


Oxygen Uptake and Cardiac Output 


The same level of exercise load was employed in 
all three studies, providing the basis for com- 
parative analysis of hemodynamic variables ob- 
tained under similar conditions at sequential 
investigations. Compared with preoperative val- 
ues, the oxygen consumption showed a statisti- 
cally significant reduction at the first postopera- 


*Shields & Epstein Monitoring, Middlesex, England. 
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Table 2. Preoperative and Postoperative Cardiothoracic Ratio and Left Ventricular Voltage? 
arr a ee ee 

















Statistical 
Significance 
Preop Postop a Postop b 
Determination a) (2) (3) 1&2 2&3 
Cardiothoracic 53.5 + 2.0 47.6413 46.3 + 1.0 p < 0.001 p < 0.05 
ratio (%) 
Left ventricular 51.8 + 3.0 35.6 £ 1.7 33.1 + 2.1 p < 0.001 NS 
, voltage (mm) 
*Mean values + standard error, and statistical significance. 
a = first postoperative study; b = second pcstoperative study; NS = not significant. 
Table 3. Hemodynamic Data at Rest and with Exercise in 13 Patients? 
Cardiac Stroke 
Mean Index Index PSG ESG XSA 
Duration (Limin/m’) (ml/m?) (mm Hg) (mm Hg) (cr?) 
from Oper- Setters 
Study No. ation (mo) R E R E R E R E R E 
1. Preop 2.4 4.1 29 34 49 17 
+0.2 +403 +3 EI RIS ED een ap hee, a eG 
2. Postop a 9.9 2.7 4.7 31 41 6 11 11 18 1.6 2.0 
+0.8 +0.2 40.2 +22 +3 £+1.6 41.9 £1.3 41.3 401 £0.1 
3. Postop b 42.2 2.6 45 38 45 6 9 10 15 1.6 2.1 
+0.8 0.1 =0.2 +27 +1.9 #1.2 £1.7 +10 +14 +401 £01 
STATISTICAL SIGNIFICANCE 
1&2 p value <0.05 <0.05 NS NS <0.05 <0.02 ... ... Coit. aaia 
2&3 pvalue NS NS <0.01 NS NS NS NS NS NS NS 





*Mean values + standard error, and statistical significance. 


PSG = peak systolic gradient; ESG = ejection systolic gradient; XSA = calculated xenograft surface area; R = rest; E = 
exercise; a = first postoperative study; b = second postoperative study; NS = not significant. 


tive investigation (p < 0.05). This improvement 
was maintained at the second postoperative 
study. The increments in heart rate during exer- 
cise were smaller at the second postoperative 
study compared with preoperative values. 

Following aortic valve replacement the cardiac 
index showed a statistically significant increase 
both at rest and with exercise (p < 0.05); the 
increase was maintained at the second post- 
operative study. The corresponding changes in 
stroke index are shown in Table 3. 


Pulmonary Wedge and Left Ventricular 
End-Diastolic Pressure 

All 13 patients had normal resting pulmonary 
wedge and left ventricular end-diastolic pres- 
sures at both postoperative studies. A statisti- 


cally significant reduction from the preoperative 
to the first postoperative study (p < 0.001) was 
noted in both these pressures during exercise. 
There was no significant change in these pres- 
sures on exercise between the two postoperative 
studies. The left ventricular end-diastolic pres- 
sure during exercise in both. postoperative 
studies was normal in 5 patients and elevated 
in 8. 


Transvalvular Gradient 


Both peak and ejection systolic gradients were 
measured in all patients. at each postoperative 
investigation. Insignificant resting systolic gra- 
dients were noted at both postoperative studies, 
and these gradients marginally increased with 
exercise (Tables 3, 4). 
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Table 4. Postoperative Hemodynamic Data Related to Size of Pericardial Xenograft® 








Rest Exercise 
Xenograft In Vitro 
Annulus Surface CI CI 
Diameter Area No. of (Limin! PSG ESG XSA (Limin/ PSG ESG XSA 
(mm) (cm?) Patients m?) (mm Hg) (mm Hg) (cm’) m’) (mm Hg) (mm Hg) (emê) 
19 1.86 1 (a) 19 0 1.1 3.2 4 10 1.4 
(b) 2.0 3 1.0 3.6 4 11 1.4 
23 2.96 7 (a) 2.7 8.9 15.7 1.5 4.9 11.7 19.6 ZL 
i +0.2 +2.5 +2.4 +0.11 +0.4 +2.9 +2.9 +0.22 
(b) 2.7 8.4 13.3 1.6 4.5 11.5 16.4 2.1 
+0.17 +1.0 +1.6 +0.08 +0.3 +2.0 +1.2 +0.13 
25 3.60 5 (a) 2.7 Eer 8.4 ` 1.62 4.9 10 13.7 2.03 
+0.35 +1.0 +1.0 +0.08 +0.2 +1.2 +1.5 +0.09 
(b) 2.6 4.4 7.2 1.64 4.6 5.4 12.3 2.1 
+0.24 +1.4 +0.9 +0.04 +0.1 +3.5 +2.6 40.1 


aMean values = standard error. 


CI = cardiac index; PSG = peak systolic gradient; ESG = ejection systolic gradient; XSA = calculated xenograft surface area; 
a = first postoperative study; b = second postoperative study. 


The mean ejection systolic gradient at rest for 
the 13 patients studied was 11 + 1.3 mm Hg at 
the first and 10 + 1.0 mm Hg at the second 
postoperative study. With exercise the corre- 
sponding figures were 18 + 1.3 and 15 £ 1.4 mm 
Hg, respectively. 


Xenograft Surface Area 

The calculated xenograft surface area ranged 
from 1.0 to 2.1 cm? at rest and 1.4 to 3.0 cm’ on 
exercise. There was no Statistically significant 
change in surface area between the two post- 
operative studies. The calculated area increased 
in each patient with exercise, and this corre- 
sponded with an increase in flow. At the second 
postoperative study the mean calculated xeno- 
graft surface area was 1.6 cn’ at rest, increasing 
to 2.1 cm? on exercise. 


Relation between Valve Size and Surface Area 


The three sizes of pericardial xenograft used 
in these patients were, according to annulus 
diameter: 19 mm (1 patient), 23 mm (7 patients), 
and 25 mm (5 patients). The maximum func- 
tional surface areas for the three sizes, as 
measured in vitro, were 1.86, 2.96, and 3.60 cm’, 
respectively. The in vivo calculated surface areas 
for the same valve sizes at the second postopera- 
tive study were 1.0, 1.6, and 1.64 cm’ at rest and 
1.4, 2.1, and 2.1 cm? on exercise, respectively (r 
= 0.93 at rest, 0.95 on exercise). 


Comment 


For clinical acceptance of a valve substitute, evi- 
dence of long-term maintenance of structural 
and functional integrity of the valve is neces- 
sary. The long-term record of patient survival 
and quality of life are general criteria for evaluat- 
ing the performance of a valve substitute. How- 
ever, hemodynamic studies provide a more 
specific and accurate assessment. Following 
valve replacement, an interval of 6 months is 
usually allowed for circulatory adaptation to at- 
tain equilibrium prior to initial postoperative 
hemodynamic investigations [5]. Investigations 
should be repeated after several years to assess 
the effects of passage of time on the function of 
the replaced valve. Sequential hemodynamic 
studies could identify subtle circulatory changes 
that might help in predicting the long-term 
function of the valve. The present study was 
undertaken with these aims in mind. 

Clinical results obtained with the pericardial 
xenograft in the aortic position with a total 
follow-up of 4,087 months have been gratifying. 
Analysis of the data from the present hemody- 
namic studies has demonstrated considerable 
circulatory improvement following aortic valve 
replacement. The cardiac output showed a 
statistically significant increase, a finding simi- 
lar to other reports [1-3, 5, 8, 9, 14, 15]. The 
oxygen utilization improved, especially during 
exercise. There was significant reduction in 
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Sequential hemodynamic data (A) at rest and iB) 
with exercise from 13 patients having aortic 
pericardial xenograft valve replacement; valve sizes: 
19mm, 1 patient; 23 mm, 7 patients; 25mm, 5 
patients. (PWP = pulmonary wedge pressure; 
LVEDP = left ventricular end-diastolic pressure.) 
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pulmonary wedge pressure, and heart rate de- 
creased during the postoperative period. These 
data confirmed the consistency of the results of 
clinical assessment. The stability of the pre- 
viously mentioned variables between the two 
postoperative studies has provided the basis for 
appraising transvalvular gradients and effective 
valve areas. 

The transvalvular pressure gradient of a 
pericardial xenograft is insignificant even with 
the smallest size used in this series (Table 4). 
This is due to the shape of the pericardial xeno- 
graft, which creates an optimal orifice areal 
annulus diameter ratio. The hydraulic character- 
istics of the pericardial xenograft, as demon- 
strated, make it particularly suitable for use in . 
patients with a small aortic root. 

Data from published reports [2, 4,5, 7,11, 13, 
17] of postoperative hemodynamic studies with 
other currently used aortic valve substitutes are 
summarized in Table 5. These data provide a 
perspective against which the results of the pres- 
ent study can be considered. Direct comparison 
of the results is not possible because of differen- 
ces in the methods of study and patient popula- 
tion under observation. Comparison is further 
limited by a lack of sequential data in previous 
publications. Despite these limitations, Table 5 
reveals that both the pericardial xenograft and 


other valve substitutes effect a satisfactory car- _ 


diac index both at rest and on exercise. It is in 
respect of transvalvular gradient that the 
pericardial xenograft shows a definite advan- 


tage over the other valve substitutes considered. 
For each annulus diameter the ejection systolic 
gradient is lower, both at rest and during exer- 
cise, in a pericardial xenograft. 

Left ventricular end-diastolic pressures were 
normal at rest in all 13 patients in both post- 
operative studies, but on exercise, 8 patients 
exhibited an abnormal rise of left ventricular 
end-diastolic pressures. Similar observations of 
elevated left ventricular end-diastolic pressure 
on exercise following successful valve replace- 
ment have been noted [2, 3, 5, 12, 14-16] and 
presumably represent irreversible left ventricu- 
lar dysfunction. However, in the present study 
no worsening of left ventricular function could 
be demonstrated up to 56 months after aortic 
valve replacement. 

In any tissue valve preparation a major con- 
cern must be maintenance of long-term 
structural integrity. Sequential postoperative 
measurements, as performed in this study, are 
essential to demonstrate lack of deterioration in 
valve function. Similar studies performed in pa- 
tients who underwent aortic replacement with 
fascia lata valves demonstrated an increase in 
transvalvular gradients with the passage of 
time.* At reoperation 2 to 4 years following the 
second postoperative investigation, the fascial 
valves were found to be stenosed due to thicken- 
ing and fibrosis.* In the case of pericardial 
xenografts, sequential hemodynamic studies 


*Tandon AP, Ionescu MI: Unpublished observations, 1976. 


Table 5. Postoperative Hemodynamic Data in Patients with Aortic Value Replacement 


Mean Ejection Systolic Gradient (mm Hg) Related to 


Calculated Surface Area” (cm?) at 
Rest Related to Annulus Diameter 














Cardiac Annulus Diameter (mm) of Valve Substitute 
Index {mm) of Valve Substitute 
(Limin/m?) 19 21 23 25 Mean Values 
Mean 
Valve Substitute R E R E R E R E R E R E 19 21 23 25 Values 
Bjérk-Shiley valve [6] 25 16.5 11.8 15.5 1.3 o r 1.83 
Lillehei-Kaster valve [13] 7.4 13.2 
Lillehei-Kaster valve [14] 33 4.5 30 32.7 485 217 23 43 0.94 1.21 1.56 1.59 
Autologous fascia 28 54 3F 33° 28 23° 3r 0.95 1.13 150 141 
lata graft [3] 
Hancock porcine valve {15} 2 3r 0.99 1.05 1.29 1.42 1.25 
Hancock porcine valve [16] 17 
Hancock porcine valve [17] 21° 20° 10 16° 1.05 115 18 14 
Ionescu-Shiley 26 45 8 L1 13.3 16.4 7.2 12.3 10 15 1.0 16 164 16 
pericardial xenograft i 
x 4 B84 11 4.4 5.4° EF ¥ 


(2nd postop saucy) 


aNo data available during exercise. 
"Cardiac output. 
“Peak systolic gradient. 


R= rest; E = exercise. 
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have shown continued excellent performance at 
intervals up to 56 months, with no patients hav- 
ing shown any increase in transvalvular gra- 
dient. We intend to continue the sequence of 
hemodynamic investigations on these patients. 

Sequential hemodynamic investigations are 
considered useful for evaluating the long-term 
functional integrity of valve substitutes. The 
present study has substantiated the results of 
the clinical assessment, showing marked hemo- 
dynamic improvement following aortic valve 
replacement with the pericardial xenograft. The 
pressure gradient was insignificant even in the 
small valves. There were no significant changes 
in hemodynamic variables between the first and 
second postoperative studies, These sequential 
hemodynamic investigations have established 
that function of the Ionescu-Shiley pericardial 
xenograft in the aortic position is maintained 
intact up to 56 months following valve insertion. 
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Prospective Study of the Robertshaw 
Endobronchial Catheter in Thoracic Surgery 


Raymond C. Read, M.D., Cheryl D. Friday, M.D., 


and Carol N. Eason, M.D. 


` 


ABSTRACT One hundred three men undergoing 
thoracotomy on a general thoracic surgery service re- 
ceived endobronchial anesthesia with 100% oxygen 
using the Robertshaw tube. Bronchial intubation was 
accomplished in all. However, cross-leak or diffi- 
culty with deflation necessitated discontinuance in 8, 
while Pao, values of 41 and 45 mm Hg caused aban- 
donment in 2. There were no operative deaths. Sur- 
prisingly, hypoxemia in these patients related more to 
insufficient alveolar ventilation than to the venoarte- 
rial shunt. 


In 1949, Carlens [4] devised a new flexible 
double-lumen endobronchial catheter for bron- 
chospirometry that could be introduced without 
the need for fluoroscopy or bronchoscopy. The 
following year he and Björk [2] reported having 
used it so as to avoid aspiration of infected 
material into the dependent lung during resec- 
tion for suppurative pulmonary disease. They 
suggested intrabronchial hemorrhage or air 
leaks from enucleation of benign tumors as other 
indications. 

Jenkins and Clarke [8] in 1957 and Newman 
and associates [14], four years later, advocated 
routine use of the Carlens catheter in pulmonary 
operations because secretions could be confined 
to the operative side, ventilation was better with 
bronchopleural fistulas, tracheal or bronchial 
repair was facilitated, and adequate ventilation 
could be maintained during suction. Surgical 
advantages were: wider exposure, easier hilar 
dissection, no need to retract the lung, and abil- 
ity to perform bronchial closure or open bron- 
choplasty. However, concern regarding in- 
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creased resistance to air flow and difficulty in 
placement, especially with distorted carinae, 
prevented widespread adoption of this tech- 
nique. 

These latter objections were largely removed 
with the introduction in 1962 of the inexpensive 
and reliable Robertshaw tube [16]. Its advan- 
tages included wider lumens, allowing for low 
resistance to gas flow and easy suctioning; 
absence of a carinal hook, allowing easier intro- 
duction and a flush bronchial closure in 
pneumonectomy; molded curvature to reduce 
kinking; and a slotted right tube to ensure infla- 
tion of the right upper lobe. Zeitlin and co- 
workers [23], Wood and colleagues [22], and 
Thomson and Campbell [20] have advocated 
the routine use of endobronchial anesthesia in 
thoracic surgery, claiming that gas exchange is 
better (because the lung is not retracted) than 
with endotracheal intubation. 

Despite these strong recommendations and 
the obvious advantage to the surgeon of being 
able to operate on a quiet, collapsed lung, the 


’ Robertshaw tube has not been widely adopted. 


Apart from a natural resistance to change, a 
number of obstacles still prevent widespread 
use of the Carlens tube methodology in thoracic 
procedures. First, its use only in isolated cases 
leads to frustration because the anesthesia staff 
requires considerable experience with the 
method before optimal results can be obtained. 
Second, anesthesiologists remain prejudiced 
about isolated experience with the Carlens 
catheter, being unaware of the many advantages 
of the less publicized Robertshaw tube. Finally, 
a real concern remains that the technique cannot 
be safe for everybody since, in certain patients 
with marginal pulmonary function, inflicting a 
functional pulmonary arteriovenous shunt 
through a whole lung might lead to potentially 
hazardous hypoxemia. 

The purpose of our investigation was to study 
prospectively a consecutive series of patients 
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undergoing thoracotomy on a general thoracic 
surgery service to document the difficulties en- 
countered by our anesthesia staff as well as the 
incidence of hypoxemia. We hoped to reassess 
the importance of the objections that centinue to 
prevent widespread adoption of endobronchial 
anesthesia in thoracic surgery. 


Methods 

The study covered 103 men scheduled to 
undergo thoracotomy, either for pulmonary re- 
section (78) or for extrapulmonary thoracic dis- 
ease (25), mainly esophageal, over the past 2 
years. They ranged in age from 23 to 75 years 
(mean, 55). Arterial blood gas tensions were de- 
termined preoperatively, intraoperatively, and 
postoperatively (Table). Chest roentgenograms 
and standard pulmonary function studies were 
also obtained (Fig 1). Other measurements were 
taken commensurate with disease. Preanes- 
thetic medication consisted of fentanyl and 
droperidol with atropine or scopolamine. Anes- 
thesia was induced by nurse anesthetists and 
supervised by anesthesiologists, using. intrave- 


nous thiamylal, fentanyl, and droperidol. It was 
maintained with 0.5 to 2.5% Fluothane or en- 
flurane in 50% nitrous oxide and oxygen until 
one-lung ventilation was instituted, when 100% 
oxygen was given. Supplementary fentanyl and 
droperidol were administered as necessary. 
Either succinylcholine or pancuronium was 
given to facilitate intubation and, as needed 
throughout the operation, for relaxation. Anes- 
thesia times ranged from 120 to 380 minutes 
(mean, 237 min). 

Arterial blood samples were obtained from a 
radial artery. After induction of anesthesia the 
patients were intubated with either a right or left 
Robertshaw double-lumen endobronchial tube 
of appropriate size (generally large). Both cuffs 
were inflated, allowing each lung to be venti- 
lated separately. Position and fit of the tube 
were carefully ascertained by auscultation of the 
chest, especially the upper lobes, first with both 
lungs inflated and then with each in turn col- 
lapsed and disconnected from the circuit. This 
maneuver was repeated after the patient was 
turned to the lateral position for operation. Ven- 


Arterial Blood Gas Determinations in 103 Thoracotomy Patients 
ee 


No. of 
Condition Patients 
1. Preoperative (room air) 96 
Mean 
Range 
sD 
2. Intraoperative 
(both lungs 50% O,) 57 
Mean 
Range 
SD 
3. Intraoperative 
(left lung 100% O,) 29 
Mean 
Range 
SD 
4. Intraoperative 
(right lung 100% O,) 23 
Mean 
Range 
SD 
5. Postoperative (room air) 63 
Mean 
Range 
SD 


SD = standard deviation. 


Po, (mm Hg) Pco, (mm Hg) pH 
77.3 37 7.41 
57-98 25.7-45.8 7.35-7.52 
9.4 3.8 0.03 
190 36.9 7.43 
74-400 24.5-54.4 7.28-7.61 
62.6 74 0.08 
169 37.1 7.41 
41-333 22.6—-56.1 7.22-7.56 
81.6 7.72 0.08 
173 36.9 7.44 
45-312 18.7—48.1 7,297.64 
71.1 14.3 0.09 
68.0 36.7 7,44 
52-95 30-49 7.38-7.50 
7.64 4.25 0.03 
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PO, min Hg 
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Fig 1. Scatter of preoperative arterial oxygen tension 
values (room air), taken from the Table (item 1), to 
show number of measurements below 70 mm Hg in 
our patients, many of whom had emphysema; 60mm 
Hg is a better cutoff for hypoxemia. 


tilation was maintained manually with tidal 
volumes of 8 to 15 ml per kilogram of body 
weight at a respiratory rate of 12 to 15 per min- 
ute. An effort was made to obtain blood gas 
measurements, especially in those who showed 
arrhythmia, hypotension, or any ventilatory dif- 
ficulty; in some instances this was not possible. 
In 11 patients in this group, repeated adequate 
measurements were not possible. Lack of adher- 
ence to protocol by the anesthesiologist also re- 
duced the volume of information. Finally, there 
were errors in sampling. In only 57% of the 
patients were the data considered to be 
adequate both before and after passage of the 
Robertshaw tube. Samples were obtained 15 
minutes or more after tube positioning (Fig 2) 
and 15 minutes or more after one-lung anes- 
thesia was induced (Fig 3). They were deter- 
mined with an Instrumentation Laboratories 
313 BG blood gas analyzer and corrected for the 
patient’s temperature. 
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Fig 2. Variation in arterial oxygen tension in patients 
with Robertshaw tube and both lungs ventilated with 
50% oxygen. Note absence of hypoxemia. Data from 
the Table (item 2). 
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Fig 3. Data taken from the Table (items 3 and 4) to 
show wide range of arterial oxygen tensions during 
one-lung anesthesia with 100 % oxygen. Note the 
values below 60 mm Hg, indicating rare but severe 
hypoxemia with this technique. 
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Results 


It was possible to pass the Robertshaw tube into 
the bronchi in all 103 patients (57 left, 46 right). 
The “up” lung deflated satisfactorily in 75 when 
the respective lumen was disconnected from the 
anesthesia circuit. In the remaining 28 the lung 
did not collapse completely because, either 
separately or in combination, the contralateral 
bronchial cuff extended to obstruct the up bron- 
chus or there was a cross-leak of gases. Deflation 
and reinflation of the cuff on the “down” venti- 
lated lung bronchus, with or without passage of 
the tube farther up or down, produced a satisfac- 
tory fit without compromise of the up bronchus 
and without cross-leak in 18 patients. Deflation 
times ranged from 5 to 248 minutes (mean, 63). 
In the remaining 10 patients complete deflation 
was not possible despite manipulation; there- 
fore, either the tube was withdrawn into the 
trachea, or the lung being operated on was venti- 
lated along with the down lung. One-lung 
ventilation had to be abandoned because of 
hypoxemia in 2 other patients. The first, a 57- 
year-old man undergoing lobectomy for cancer 
of the right lung, had that side completely col- 
lapsed, while the same lung was deflated in the 
second patient being operated on for esophageal 
stricture. In both, the tube was thought to be 
functioning properly with adequate ventilation 
of the down lung. However, the blood gas val- 
ues showed otherwise. Three of 52 arterial Po, 
determinations were less than 70 mm Hg (41, 45, 
54mm Hg). Associated Pco, readings were high 
(46, 46, 54 mm Hg) and pH values were reduced 
(7.30, 7.31, 7.33). Twelve of 52 arterial Po, 
readings were below 90 mm Hg, 8 being re- 
corded in patients who were undergoing left 
lung ventilation; 9 patients were being operated 
on for pulmonary disease. Age range of these 
patients was 37 to 69 years with an average of 55 
years. 

All 103 survived the operative procedure, 
which in the 78 having pulmonary resection 
consisted of lobectomy in 41, wedge or segmen- 
tal excision in 26, pneumonectomy in 9, and 
biopsy in 2. Twelve patients died some months 
after operations, 8 from cancer of the lung, 3 
from pulmonary fibrosis with insufficiency, and 
1 from cancer of the esophagus. No postopera- 
tive complications could be attributed to the use 


of endobronchial anesthesia with the Robert- 
shaw tube. 


Comment 
Our two-year experience with more than 100 
consecutive patients operated on using endo- 


-bronchial anesthesia has confirmed earlier work 


[8] demonstrating the many advantages to the 
surgeon and anesthesiologist of being able to 
ventilate each lung separately during operation. 
Shallow breathing is not required for better 
operative exposure. Our anesthesia staff were 
able to pass the Robertshaw tube in every in- 
stance, testifying to its facility. However, like 
Zeitlin and associates [23], we found the fit of 
this double-lumen catheter around the carina 
was initially unsatisfactory in approximately 
25% of the patients, thus allowing a leak to the 
other side or interfering with deflation. Never- 
theless, by manipulation from above, and in 
some instances with cooperation from the sur- 
geon, fewer than 10% of these patients had to 
have one-lung anesthesia discontinued because 
of unsatisfactory fit. It may be that further de- 
velopment of the cuff and molding of these 
catheters will reduce this incidence. However, 
with distortion of the carinae from disease, it is 
likely that some few patients will continue on 
mechanical grounds to be unsuitable for endo- 
bronchial anesthesia. 

Bjérk and Carlens [2], in their original paper 
regarding application of the double-lumen 
catheter to thoracic surgery, pointed out that a 
considerable amount of blood necessarily passes 
through nonventilated lung tissue when the 
bronchus to the side being operated on is 
occluded. They reported an instance of cyanosis 
and suggested that the atelectatic lung might 
have to be ventilated intermittently to avoid 
hypoxemia in patients with poor pulmonary re- 
serve. This observation went unheeded by a 
number of investigators [1, 3, 6, 8, 12-14, 20], 
one-lung anesthesia being conducted with 25% 
and 50% oxygen concentrations in the belief that 


“blood flow through collapsed lung is negligible. 


Mechanisms responsible for this fortunate ar- 
rangement were believed to be hypoxic vaso- 
constriction, a reduced circulatory bed in dis- 
eased lung tissue, and gravitational deviation of 
blood to the dependent (ventilated) lung. More 
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recently, intraoperative systemic arterial blood 
gas measurements have demonstrated that with 
one-lung anesthesia, hypoxemia (Pao, below 70 
mm Hg) occurs relatively frequently unless 
100% oxygen is used routinely [13]. 

Nevertheless, our own results confirm the fact 
(7, 9, 15_ that although mean Pao, is acceptable 
in this group of patients, a few have an alarm- 
ingly low value (see Fig 3). In a previous study 
from this institution [7] we observed that 60% of 
similar patients undergoing one-lung anes- 
thesia shunted more than a third of their cardiac 
output through the unventilated lung, and in 
25% the shunt fraction exceeded 40%. In the 
present study, hypoxemia on 100% oxygen was 
so severe in 2 patients that one-lung anesthesia 
was discontinued. There was an associated ele- 
vation of Paca, which suggests that, despite 
high tidal volumes, alveolar ventilation in the 
down (ventilated) lung was inadequate apart 
from the added burden of the shunt. 

It is apparent that some patients [5] do not 
have enough functioning alveoli in the one venti- 
lated down lung to prevent retention of the car- 
bon dioxide normally excreted by its partner. 
Furthermore, Pag, cannot be raised to normal 
levels in these individuals because of the mag- 
nitude of the shunt (contributed by the up lung 
along with diseased areas in its down ventilated 
partner). Thus, when the degree of shunt is ex- 
treme, increasing the Fig, will not always pre- 
vent hypexemia in these patients. The futility of 
attempting to raise Pao, by increasing the Fig, to 
1.0 has long been recognized in patients with 
large right-to-left intracardiac shunts and is be- 
coming more commonly recognized in the adult 
respiratory distress syndrome. 

Hypoxemia was more common when the left 
lung was being ventilated alone. The sinistral 
predominance was more than can be accounted 
for by the right hemothorax being opened more 
frequently in thoracic procedures. Presumably, 
pulmonary insufficiency is more likely to be- 
come manifest in the smaller lung. Because 
hypercapr:ia has been observed only rarely [10] 
during one-lung anesthesia, hypoxemia is usu- 
ally attributed to the venoarterial shunt alone, 
without consideration of the role played by un- 
derlying disease in its ventilated partner. 


In conclusion, our data show that in a small 
number of patients, hypoxemia, not present 
when both lungs are ventilated with 50% oxy- 
gen, appears despite an increase in Fig, to 1.0 
when the same tidal volume is shifted to one 
lung, especially the left. There may have been 
ventilatory problems, such as kinking of tubes 
and inadequate removal of secretions, in these 
few cases, but our previous reports of this phe- 
nomenon, and those of others [7, 9, 15, 17-19, 
21], point to a more fundamental difficulty. This 
could be related to the shifting of the large tidal 
volume from both lungs to one, thereby distend- 
ing the ventilated lung and raising pulmonary 
vascular resistance, and thus diverting even 
more venous blood into the collapsed up lung 
[7]. Positive end-expiratory pressure has similar 
limitations [18]. However, that this is not always 
the explanation can be inferred from our previ- 
ous work [7], which demonstrated that the shunt 
volume increased in some patients when tidal 
volume, and therefore the distending pressure 
in the ventilated lung, fell from 15 to 8 ml/kg. 
Thus it is important to monitor Pag,, if neces- 
sary, with different tidal volume. In our previ- 
ous study only 3 of 18 patients undergoing 
thoracic operations were found to have normal 
ventilatory indices preoperatively. Emphysema 
and chronic bronchitis may, in a few patients, so 
reduce pulmonary function that one-lung venti- 
lation fails to satisfy respiratory requirements. 

How can we eliminate these few instances of 
hypoxemia, since their occurrence inhibits 
routine application of endobronchial anes- 
thesia? Temporary occlusion of the pulmonary 
artery while the bronchus is obstructed forces all 
the cardiac output to pass through the ventilated 
lung. A number of authors [7, 12, 15, 18] have 
reported on this maneuver. However, it entails 
added dissection, and this is difficult to per- 
form, especially in extrapulmonary procedures. 
Presently, we are investigating the possibility of 
balloon tamponade of the pulmonary artery to 
the lung being operated on, using modified 
Swan-Ganz catheters. 
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Notice from the American Board of Thoracic Surgery 


The 1977 annual certifying examination of the 
American Board of Thoracic Surgery (written American Board of Thoracic Surgery, 14624 E 
and oral) will be held in Chicago in March, 1978. Seven Mile Rd, Detroit, MI 48205. 

Final date for filing application was August 1, l 


1977. Please address all communications to the 


Feasibility of Closed-Chest 


Left Ventricular Bypass Using 
Unilateral Retrograde Transpulmonary Flow 


Alexandros C. Kralios, M.D. 


ABSTRACT A method for closed-chest left heart 
bypass using retrograde unilateral transpulmonry 
blood flow originating from the left atrium and re- 
trieved by a cuffed cannula wedged in a pulmonary 
artery branch is described. Technical feasibility and 
physiological implications were tested in 12 anes- 
thetized sheep and 4 awake calves. Retrograde trans- 
pulmonary flow showed a curvilinear relationship to 
the left atrial pressure, with the highest rate of rise 
occurring when left atrial pressure approached levels 
of pulmanary edema (25 to 35 mm Hg); at this point 
retrograde transpulmonary flow became equal to con- 
trol cardiac output. The intervention and the bypass 
were well tolerated for short periods by these healthy 
animals. The possible advantages of the method are 
discussed, with emphasis on self-regulation of 
bypass flow by the filling resistance of the left ventri- 
cle. 


Partial cr even total left ventricular bypass has 
been proposed and applied as a therapeutic 
measure for overt left ventricular failure occur- 
ring in tne course of acute myocardial infarction 
or postoperatively [15, 20]. The theoretical basis 
for such an intervention is based on the assump- 
tion that the left ventricular failure results from 
only temporary exhaustion of cardiac reserve. 
Therefore reduction of left ventricular work and 
myocardial oxygen consumption is expected to 
reverse failure through mechanisms involving, 
at least in part, salvage of jeopardized myocar- 
dium. For this purpose both open [8, 10, 13, 16] 
and closed [5, 19] chest methods of left ventricu- 
lar bypass have been developed. Obviously, 
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open-chest methods can be easily applied in the 
course of cardiovascular operations, but the dis- 
advantage of major surgery has discouraged ap- 
plication in the patient with postinfarction 
pump failure. On the other hand the two 
closed-chest methods—the transseptal and ` 
transarterial—have had limited clinical applica- 
tion since they involve technically difficult can- 
nulations [5, 7, 15]. 

Regardless of approach, indications, and 
technical difficulties of individual methods, the 
main problem in applying left ventricular 
bypass appears to be the proper regulation 
necessary for a balanced effect between circula- 
tory and cardiac assistance. A properly balanced 
effect occurs when circulatory assistance en- 
sures adequate systemic flow and pressure 
while cardiac assistance decreases the left ven- 
tricular workload to the point of attaining 
functionally useful, if not normal, left ventricu- 
lar filling pressure levels. Assistance resulting in 
more than the necessary emptying of the con- 
tracting left ventricle may interfere with the 
compensatory length/tension (Starling) mecha- 
nism. Moreover, excessive left ventricular emp- 
tying has been associated with the development 
of extensive subendocardial hemorrhages, lead- 
ing to further deterioration of left ventricular 
function [14]. Ideally, the bypass flow should 
adjust to the changes of left ventricular function, 
with the bypass pump acting only when needed 
as a parallel escape mechanism, and not as an- 
tagonist when it is not needed. 

The transpulmonary left ventricular bypass 
described here was conceived as an alternative 
closed-chest method mainly because of the po- 
tential for self-regulation of bypass flow by the 
left atrial (LA) pressure, reflecting the filling 
resistance of the failing left ventricle [12]. 
Physiological tolerance and technical feasibility 
were considered possible for the following rea- 
sons. 
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1. With the exception of the aorta, only the pul- 
monary veins provide normal access to the 
left heart chambers. 

2. Cardiac catheters wedged in a pulmonary ar- 
tery branch not only reflect left atrial pres- 
sure but permit aspiration of arterial blood 
[3]. Moreover, in severe mitral insufficiency, 
regurgitating arterial blood is detected in the 
main pulmonary artery [18]. 

3. Compliance of the pulmonary vasculature is 
such that an increase of pulmonary blood 
flow by five times results only in doubling 
the mean pulmonary pressure [4, 6]. 

4, Previous experimental work has demon- 
strated that reversing the direction of blood 
flow through pulmonary lobes is compatible 
with life and that the resistance to forward 
and retrograde blood flow is identical [2, 9, 
17]; 

5. Following resection of one lung, adequate 
arterial oxygenation and normal pulmonary 
artery pressures are usually maintained [1]. 

6. The right main branch of the pulmonary ar- 
tery constitutes the anatomical continuation 
of the main vessel. 


The objectives of this study were to test the ` 


technical feasibility of the method and to 
evaluate its physiological effects on normal 
anesthetized and unanesthetized animals, both 
during normal conditions and in situations 
simulating or resulting in left ventricular failure. 


Methods 
Principle of the Method 


Figure 1 illustrates the principle of the method. 
The right main branch of the pulmonary artery is 
cannulated with a flexible but noncollapsible 
thin-walled polyurethane cannula reinforced 
with glass fibers or steel wire. The tip of the 
cannula is conical, with a central hole 2 mm in 
diameter and three large lateral triangular open- 
ings arranged radially. According to the size of 
the animal, the outside diameter of the cannula 
selected was 7 to 12 mm. A cuff circumferentially 
placed below the tip of the cannula could be 
inflated through a 1 mm tube running through 
the lumen of the cannula. Inflation of the cuff 
wedges the cannula into the right main branch 





Roller Pump 


Fig 1. Principle of left ventricular transpulmonary 
bypass method. Arrows indicate diversion of the 
blood flow to the left lung, retrieval of retrograde 
transpulmonary flow by the cuffed cannula wedged 
in the right branch of the pulmonary artery, and 
return to the arterial system. (RA = right atrium; RV 
= right ventricle; PA = pulmonary artery; PV = 
pulmonary veins; LA = left atrium; LV = left 
ventricle; Ao = aorta; SVC = superior vena cava; 
IVC = inferior vena cava.) 


of the pulmonary artery and results in diversion 
and oxygenation of the entire right ventricular 
output by the left lung. The flow of oxygenated 
blood arriving in the left atrium through the left 
pulmonary veins then follows the pathway of 
least resistance, which normally is the ade- 
quately functioning left ventricle. However, 
in case of left ventricular failure, depending on 
the filling resistance of the left ventricle, a frac- 
tion of blood flow enters the ventricle—to be 
ejected into the aorta—while the rest enters the 
pulmonary veins of the obstructed lung and, 
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flowing retrograde through the wedged can- 
nula, is drained into a reservoir. From the reser- 
voir this well-oxygenated blood is returned toa 
peripheral artery through a return cannula, 
using a roller pump. Retrograde transpulmo- 
nary flow (RTPF) is measured either using a 
graduated cylinder and stopwatch or by count- 
ing the revolutions of the precalibrated roller 
pump of the bypass circuit; RTPF is a function of 
LA pressure, which reflects the filling resistance 
of the left ventricle. 


Experimental Application 


Studies were conducted in a group of 12 anes- 
thetized sheep and a group of 4 unanesthetized 
calves, as follows. 

EXPERIMENTS IN GROUP 1. Columbia sheep 
weighing 40.5 to 75.0 kg were anesthetized with 
halothane administered initially through a mask 
and later through an endotracheal tube. Ventila- 
tion with room air was maintained by means of a 
volume respirator. The right jugular vein and 
carotid artery and the right femoral vessels were 
isolated. Heparin, 10,000 units per kilogram of 
body weight, was administered to each animal. 
A short 8F catheter was introduced into the right 
carotid artery and connected to a Statham P23 
Db pressure transducer for systemic pressure 
monitoring. Cardiac rhythm was monitored 
using a surface electrocardiographic lead. The 
right femoral artery was cannulated with a Bar- 
dic arterial cannula of suitable diameter, and an 
intravenous drip of 0.9% sodium chloride was 
initiated in the right femoral vein through a 
polyethylene tube. 

An 8F Cournand catheter 120 cm long, con- 
nected to another pressure transducer, was then 
passed through the lumen and tip of the 
polyurethane cannula and introduced into the 
right jugular vein. Under continuous pressure 
monitoring, the tip of the catheter was advanced 
and wedged into the pulmonary artery. Proper 
placement was verified by the succession of 
right atrial, right ventricular, and pulmonary 
arterial and wedge pressure levels and wave- 
forms as well as by sampling of blood with 
arterial saturation through the lumen. The can- 
nula was then connected to the pressure trans- 
ducer and inserted into the jugular vein over the 
wedged Cournand catheter. With the catheter 


acting as guide and under continuous pressure 
monitoring, the cannula was manipulated into 
the pulmonary artery and then advanced 6 to 8 
cm in order to enter the right main pulmonary 
artery branch. 

Right atrial and ventricular pressures were re- 
corded immediately before and after cannula- 
tion using a 6F Cournand catheter connected toa 
pressure transducer and introduced through the 
same jugular vein. 

Following the cannulation and after baseline 
pressure and blood oxygenation data were ob- 
tained, the animal's chest was opened through a 
midsternal incision and the position of the can- 
nula was checked and corrected, if necessary. 
Subsequently the pericardium was opened, the 
aorta and pulmonary artery were separated, and 
umbilical tape was placed around each vessel. A 
precalibrated electromagnetic flow probe (Bio- 
tronex Labs) of proper size was then placed 
around the ascending aorta for measurement of 
cardiac output minus the coronary blood flow. A 
70 ml balloon mounted at the tip of a poly- 
ethylene tube was introduced into the left 
atrium through its appendage along with a short 
8F Cournand catheter for pressure monitoring. 


‘In order to test the validity of the basic 


hypothesis that RTPF is a function of LA pres- 
sure, four interventions resulting in increase of 
LA pressure were then applied either separately 
or in combination. 


1. Gradual constriction up to complete occlu- 
sion of the aorta, using the snare of umbilical 
tape. placed around the vessel. 

2. Partial to complete obstruction of the mitral 
valve orifice, by inflation of the balloon in- 
troduced in the left atrium. 

3. Circulatory volume overload with rapid in- 
travenous infusion of 1 to 2 liters of ma- 
cromolecular dextran 75. 

4. Successive ligations of epicardial branches of 
the left coronary artery, arising as diagonals 
from the left anterior interventricular branch 
or as marginals from the circumflex, or both. 


After each intervention had resulted in a 
steady level of elevated LA pressure, the cannula 
was opened and the peak RTPF was determined 
as described. After stabilization of the bypass, 
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the steady-state RTPF and LA pressure levels. 


were also observed and compared with the car- 
diac output and LA pressure immediately before 
the intervention. The arterial pressure level and 
waveform were also monitored during the in- 
tervention. The corneal reflex, used as indica- 
tion of adequate brain perfusion, was checked 
repeatedly during the bypass period. The lung 
inflation pressure, measured at the endotracheal 
tube and used as an indication of parenchymal 
lung stiffness associated with pulmonary 
edema, was also checked repeatedly during the 
bypass period. 

In order to obtain RTPF data for LA pressure 
levels exceeding the in vivo achieved 40 mm Hg 
levels, the return cannula of the bypass circuit 
was introduced into the LA in 2 animals at the 
end of the experiment. With the aorta and the 
noncannulated branch of the pulmonary artery 
ligated, stepwise increments of the revolutions 
of the roller pump were applied, resulting in 
increments of LA pressure and RTPF in this in 
situ closed circuit. 


EXPERIMENTS IN GROUP 2, Awake Holstein 
calves weighing 76 to 93.5 kg were restrained in 
the angiographic cradle. The right neck and 
femoral vessels were isolated following local 
anesthesia with 4% lidocaine. After hepariniza- 
tion, 8F Cournand catheters were introduced 
into the femoral vein and artery and advanced 
under fluoroscopy to the pulmonary artery and 
aorta, respectively. Control cardiac output de- 
terminations were obtained by the indicator- 
dilution technique, with injection of indo- 
cyanine green into the main pulmonary artery 
and sampling blood from the ascending aorta 
through a Gilford densitometer, using a Har- 
vard pump. After introduction of the bypass- 
return Bardic arterial cannula into the right 
carotid artery, the polyurethane cuffed cannula 
was introduced under fluoroscopy into the right 
main pulmonary artery branch, guided, by the 
prewedged Cournand catheter, as described for 
the experiments in Group 1. 

In 3 animals the pulmonic catheterization and 
cannulation procedure was repeated without 
fluoroscopy using an 8F Swan-Ganz balloon- 
tipped catheter. With the animal lying on its left 
side, the catheter was allowed to float under 
pressure monitoring into the right branch of the 


pulmonary artery. This catheter was used as a 
guide for the cannula. The pulmonary artery 
wedge pressure was used as an estimate of LA 
pressure. 

In order to increase the LA pressure to simu- 
late left ventricular failure in this group, a 120 ml 
balloon mounted on the tip of a stiff 2 mm (OD) 
polyethylene tube was introduced through the 
bypass-return cannula and positioned through 
the aortic valve into the left ventricle. Full infla- 
tion or filling of the balloon with Renografin 76 
resulted in complete obstruction of the left ventri- 
cle and thus complete left ventricular bypass, as 
judged by the lack of systolic deflection on the 
systemic arterial pressure recording. Cineaor- 
tography was then performed by injecting Re- 
nografin 76 through the bypass-return cannula 
in the right carotid artery; the distribution of the 
return flow in the vessels taking off proximal to 
the right carotid artery could then be visualized 
(see Fig 5). 

Finally, in 2 animals acute frank left ventricu- 
lar failure was induced by injecting 1 ce of air 
into the circumflex branch of the left coronary 
artery, selectively catheterized with an 8F Sones 
short-tipped catheter following a rapid intrave- 
nous infusion of dextran 75 (1.5 liters in 5 min- 
utes). Left ventricular end-diastolic pressure was 
followed by means of an 8F Cournand catheter 
placed in the left ventricle and was used instead 
of LA pressure (see Fig 6). 


Results 

Group 1 

Successful cannulation of the right main pulmo- 
nary branch without fluoroscopy was possible 
in 8 out of 12 experiments, as verified after 
thoracotomy. In the remaining 4 experiments 
we were unable to manipulate the cannula into 
the pulmonary artery, and the cannula was 
found at the right ventricular apex after the chest 
was opened. The cannulation was then com- 
pleted by external manipulation. 

Prior to thoracotomy inflation of the cuff (re- 
sulting in wedging of the cannula in the right 
pulmonary branch) yielded RTPF in the range of 
50 to 200 ml/min? by siphon drainage at —20 
cm H,O. The oxygen saturation of this blood 
was 98 to 100%, and was 1 to 12% higher than 
the saturation of a simultaneously obtained sys- 
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Fig 2. Relationship between LA pressure and peak 
retrograde transpulmonary flow (RIPE) in a 73.5 kg 
open-chest sheep. At normal LA pressure peak RTPF 
is low, butit reaches and exceeds control cardiac 
output (C) when LA pressure approaches levels 
threatening pulmonary edema (25 mm Hg). 
Regression analysis of these data showed a slope of 
210 £20 ml/min of RTPF for each mm Hg of LA 
pressure increase (r = 0.97, p < 0.0001) and 
significant íp <0.01) curvature. 


temic arterial blood sample. Comparison of 
pressure recordings obtained in the closed-chest 
animals before and after cannulation suggested 
no evidence of tricuspid or pulmonary valve 
regurgitation. 

After the right main branch of the pulmonary 
artery was occluded by inflating the cuff, a tran- 
sient increase of right ventricular peak systolic 
pressure by 2 to 10 mm Hg was observed. How- 
ever, there was no appreciable change in the 
right ventricular end-diastolic pressure. 

Peak and steady-state RTPF appeared typi- 
cally to have a curvilinear relationship to the LA 
pressure level, regardless of the technique used 
for producing the changes. Regression analysis 
of data of individual experiments showed corre- 
lation coefficients above 0.90 and statistical sig- 
nificance (p < 0.005) (Figs 2, 3). During com- 
plete occlusion of the aorta or obstruction of the 
mitral valve orifice, the steady-state RTPF was 
within. 2% of the control cardiac output mea- 
sured immediately before each intervention, 
while LA pressure was between 20 and 25 mm 
Hg. The nonpulsatile arterial pressure during 
the 10 to 36 minutes of complete left ventricular 
bypass was lower than control by 10 to 25 mm 
Hg and within the range of 60 to 95 mm Hg. 


eC Control 
o Bypass 
e Closed Circuit 
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Fig 3. The full S-shaped curve of peak retrograde 
transpulmonary flow (RTPF) in relation to LA 
pressure ina 75 kg open-chest sheep, Data observed 
in vivo (open circles) and with closed circuit in situ 
(dots) are shown. In vivo data showed a slope of 176 
+23 mlimin of RTPF for each mm Hg of LA pressure 
increase (r= 0.95, p<0.002) with significant (p < 
0.05) curvature, similar to that shown in Figure 2. 
Peak RTPF increases rapidly when LA pressure 
approaches the level of impending pulmonary edema 
(25-35 mm Hg). Peak RTPF equals control cardiac 
output (C) at about 30 mm Hg and reaches a maximal 
plateau of three times the cardiac output. 


Figure 3 shows the relationship between LA 
pressure and RTPF in 1 experiment, with LA 
pressures below 40 mm Hg obtained in vivo and 
pressures above 40 mm Hg obtained in situ. 
Data points appear to follow an S-shaped curve, 
with the highest rate of rise of RTPF occurring 
between 25 and 35 mm Hg of LA pressure and a 
maximal plateau at RTPF four times the control 
cardiac output. 

The corneal reflex was preserved in all animals 
during the bypass. 

LA pressure and correlated (r = 0.66, p < 
0.005) pulmonary inflation pressure increases 
resulting from the interventions decreased uni- 
formly immediately after bypass was begun (Fig 
4). Mean LA pressure decrease was 19.4 + 2.3 
mm Hg (p < 0.0001), while the mean pulmonary 
inflation pressure decrease was 11.3 + 1.6 mm 
Hg (p < 0.0001). 

Findings from postmortem examination 
showed no appreciable differences in the gross 


167 Kralios: Closed-Chest Left Ventricular Bypass 


> 
Oo 


C2 
s 


Co 
Co 
| 


rm 
Oo 


LUNG INFLATION PRESSURE cm H20 
S 


° | Overloading + 
© EXP#I0-14-1J Aortic Obstruction 


5 


= EXP#I2-18-5 Coron. ligation 





10 20 30 40 50 
LEFT ATRIAL PRESSURE mmHg 


Fig4. Effect of retrograde transpulmonary bypass on 
LA and lung inflation pressure. Pressures increased 
asa result of interventions (right upper quadrant) 
decreased by 19.4 +2.3 and 11.3 +1.6 mm Hg, 
respectively (p < 0.0001), during the bypass (lower 
left quadrant) to levels below 25 mm Hg for the LA 
pressure and 40 mm Hg for the lung inflation 
pressure. Data shown were obtained from 2 animals 
with volume overload and various degrees of aortic 
constriction (circles) and 1 animal with coronary 
artery ligation (squares). C, and C, are control 
values before and after intervention and bypass. 


appearance of either lung. Subendocardial 
hemorrhages were not observed. Slight intersti- 
tial lung edema was found microscopically in 
both lungs. 


Group 2 


Comparison of pressure and flow data im- 
mediately before and after completion of cannu- 
lation of the right main pulmonary branch 
showed no significant change of systemic or 
pulmonary artery pressures. Cardiac output re- 
mained within 13% of the control. 

After the cannula was wedged by cuff infla- 
tion, a transient increase of 3 to 10 mm Hg in 
peak right ventricular pressure was observed, 
associated with tachypnea, sinus tachycardia, 
and occasional premature atrial contractions. 
However, the cardiac output did not change 
significantly. At this stage steady-state RTPF 
did not exceed 300 ml/min! in any of the ex- 
periments. 

Gradual inflation of the left intraventricular 





Fig 5. Cineangiographic view (right lateral 
projection) of an awake calf during total left 
ventricular transpulmonary bypass. The left 
ventricle is completely obstructed by a 
Renografin-filled balloon (B). The cannula (C) was 
wedged into the right pulmonary artery branch while 
the catheter guide (CG) was left in place for 
measurement of pulmonary wedge pressure. The 
catheter (RV) withdrawn in the right ventricle is used 
for injection of indocyanine green for cardiac output 
determination. 


balloon resulted in gradual increase of the pul- 
monary wedge pressure and RTPF. When left 
ventricular ejection was completely abolished, 
mean RTPF was 4 to 9% higher than control 
cardiac output. At this stage of complete ven- 
tricular bypass (Fig 5), no difference in the gen- 
eral condition of the animal was noticed except 
for tachypnea in 2 out of 4 experiments. 

Deflation of the intraventricular balloon re- 
sulted in rapid decrease of pulmonary artery 
wedge pressure and RTPF and in restoration of 
the arterial pressure contour to control level. 

Angiographic evaluation of the distribution 
of the returning bypass flow showed good 
opacification of all proximal vessels, including 
the coronary arteries. Coronary air embolism 
and volume overload in 2 animals resulted in 
pulmonary wedge pressure rising to 18 and 22 
mm Hg, followed by an increase of RTPF by 40 
and 48% of control cardiac output, respectively 
(Fig 6). However, ventricular fibrillation oc- 
curred 8 and 18 minutes following coronary em- 
bolization. The other 2 animals were followed 
for two weeks after decannulation and appeared 
to be in good health. 
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Fig 6. Cineangiographic view (right lateral 
projection) of an awake calf in partial left ventricular 
transpulmonary bypass following coronary air 
embolism and volume overload. The cannula (C) was 
wedged into the right pulmonary artery branch. 
After withdrawal of the wedged catheter guide, a left 
ventricular catheter (LV) was used for monitoring 
left ventricular end-diastolic pressure. The catheter 
(RV) in the right ventricle was used for injection of 
indocyanine green for cardiac output 
determinations. 


Comment 
The results of these experiments suggest that 
retrograde transpulmonary left ventricular 


bypass is technically feasible and physiologi- 
cally tolerated in two species for short periods. A 
major technical problem in cannulating the right 
main pulmonary artery branch was the require- 
ment for a flexible but not collapsible cannula of 
proper size that could follow the approximately 
150-degree curvature, with a 3 cm radius, be- 
tween right ventricular inflow and outflow. The 
construction of thin-walled reinforced cannulas 
combined with the described guidance tech- 
nique appears to offer a satisfactory solution to 
this problem. Closed-chest cannulation without 
fluoroscopy was possible in 8 out of 12 sheep 
with the fiberglass-reinforced cannula, while 
with the more flexible steel-reinforced version 
used in the group of 4 calves, all 3 “blind” at- 
tempts were successful. Closed-chest applica- 
tion with or without the aid of fluoroscopy thus 
appears feasible. 

LA pressure appears to be the sole determi- 
nant of RTPF, regardless of the method used to 
induce LA pressure changes. It is of major im- 
portance, however, that although RTPF is min- 
imal at normal LA pressure levels (5 to 12 mm 


Hg), a progressive curvilinear increase was ob- 
served at higher pressures, reaching the highest 
rate of rise at pressure levels above which pul- 
monary edema is usually manifested. This find- 
ing suggests that the desirable force/tension 
(Starling) effect of filling pressure on left ven- 
tricular dynamics is not compromised until left 
ventricular function has deteriorated to the 
point at which pulmonary edemais impending. 

The combined substantial reduction of both 
LA and lung inflation pressures indicates that an 
improvement in pulmonary compliance as- 
sociated with left heart decompression occurs as 
a result of the bypass (see Fig 4). 

The level at which RTPF reaches a maximal 
plateau in situ corresponds to about three times 
the resting control output when the entire right 
lung is used as the bypass pathway (see Fig 3). 
This indicates that one-third of the vasculature 
of one lung may still be a sufficient conduit even 
when bypass is total. Therefore, for partial left 
ventricular bypass a smaller, noncuffed cannula 
wedged in a lung may be a possible alternative, 
especially when lung function is compromised. 

Tricuspid and pulmonic valve regurgitation 
did not appear to occur, probably because the 
flexible valve cusps could seal sufficiently 
around the cannula, as observed angiographi- 
cally for the aortic cusps in transarterial left ven- 
tricular bypass. 

While RTPF is drained by gravity from the LA 
through the vasculature of the cannulated lung, 
normal right ventricular function is a prerequi- 
site for maintaining forward blood flow through 
the intact lung to the LA. Ventricular fibrillation 
therefore results in drastic reduction of RTPF. 
Whether increasing central venous pressure by 
means of rapid intravenous infusion can in- 
crease RTPF as described with transapical left 
ventricular bypass has not been investigated 
[10]. 

The lack of gross lung changes, severe mi- 
croscopical abnormalities, or subendocardial 
hemorrhages suggests that no serious undesira- 
ble effect is associated with the cannulation and 
short periods of bypass. Since there is a possibil- 
ity of intermittent bypass application simply by 
deflating the cuff of the cannula and allowing 
forward lung perfusion, early cannulation and 
use of bypass when needed can be considered. 
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Moreover, venoarterial bypass can be carried 
out with the simple addition of an oxygenator in 
the circuit if indications for such an intervention 
arise [11]. 

Compared with the existing closed-chest 
methods for left ventricular bypass, the method 
described here appears to have several advan- 
tages. The technique involves right heart 
catheterization only, with the cannula passing 
the valves in the direction of their opening as 
opposed to the transarterial approach. More- 
over, this technique avoids such risks as wall 
perforation involving the area of recent in- 
farct and mobilization of mural thrombi as- 
sociated with placing a large-bore cannula in the 
left ventricle. Perforation of the interatrial sep- 
tum, required with the transseptal approach, is 
not necessary; therefore the sequelae of such 
intervention are also avoided [7]. However, the 
most important advantage of this method ap- 
pears to be that the bypass flow occurs passively 
in a favorable curvilinear relation to the LA pres- 
sure, as opposed to the active blood aspiration 
applied by the other methods [14]. Thus, on the 
basis of pressure/flow characteristics of the pul- 
monary vasculature, this method affords sensi- 
tive self-regulation, with cardiac assistance in- 
creasing when it is most needed and minimized 
when conditions are close to normal. This self- 
regulation results from the interplay of left ven- 
tricular filling resistance and retrograde trans- 
pulmonary flow. 
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Control of Heparinization by 
Activated Clotting Time During Bypass 
with Improved Postoperative Hemostasis 


Joseph J. Verska, M.D. 


ABSTRACT Heparin 
monitored during open-heart operations by activated 
clotting time (ACT) have been reported to be superior 
to dosage schedules based on body weight or body 
surface area. 

To evaluate the automated ACT, 114 consecutive 


and protamine dosages 


open-heart operations performed between October, 
1974, and December, 1975, were studied. Fifty-eight 
operations prior to April, 1975, using a standard 
heparin-protamine protocol (Group I) were com- 
pared with 56 operations from April to December, 
1975, monitored with an automated ACT (Group II). 
The two groups were similar with respect to surgical 
procedures, pump time, and perfusion techniques. 
The protamine/heparin ratio was 25% less in Group II 
compared with Group I, and the 12-hour postopera- 
tive blood loss was 48% less in Group II. 

The automated ACT is a reliable, rapid, and simple 
test that has resulted in improved hemostasis follow- 
ing cardiac operation. 


Excessive bleeding following cardiac operations 
has been reduced by the improvement of surgi- 
cal techniques and an awareness of risk factors 
associated with this complication [5]. Accurate 
control of intraoperative heparinization and its 
reversal following cardiopulmonary bypass 
could further decrease postoperative hemor- 
rhage as well as the need for donor transfusions. 
Intraoperative administration of heparin and 
protamine based on body weight or body sur- 
face area does not allow for individual patient 
variation in heparin sensitivity or metabolism. 
The correlation between the activated clotting 
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time (ACT) and serum heparin levels has been 
shown to be a reliable determinant of heparin 
and protamine administration during and fol- 
lowing cardiopulmonary bypass [1, 3]. 

To evaluate an automated ACT test as a con- 
trol of heparinization during cardiopulmonary 
bypass, 114 consecutive heart operations per- 
formed between October, 1974, and December, 
1975, were divided into two groups for compara- 
tive study. Fifty-eight cases utilizing a standard 
heparin-protamine protocol (Group I) were 
compared with 56 cases using an automated 
ACT protocol (Group II) to monitor heparin and 
protamine dosage. The groups were compared 
with respect to: (1) types of operations per- 
formed; (2) duration of bypass; (3) perfusion 
techniques; (4) ratio of heparin dosage to body 
weight; (5) protamine/heparin dosage ratio; (6) 
12-hour postbypass blood loss; and (7) amount 
of donor blood transfused. All patients had 
comprehensive preoperative coagulation tests 
performed, and anticoagulants, if used, were 
discontinued 2 days prior to operation. 


Materials and Methods 

Hattersley’s [2] method of determining ACT on 
whole blood was automated by using a small 
battery-powered unit (Hemochron*). Whole 
blood (3 ml) is injected into a small test tube 
containing 12 mg of diatomaceous earth and a 
small magnet. The test tube is inverted several 
times and inserted into the well of the Hemo- 
chron (Fig 1), which maintains a constant tem- 
perature. The Hemochron timer is activated 
when the blood is injected into the test tube. The 
detector in the unit senses the magnet, which 
stays at the bottom of the test tube and rotates in 
the constant-temperature well until a clot forms 
that enmeshes the magnet, causing it to rotate. 
The magnet rotation activates the detector in the 
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unit, which turns the timer off. The result is 
recorded in seconds (N = 100-130 sec). Baseline 
samples are drawn prior to heparinization and 
every 30 minutes during bypass. The ACT is 
maintained above 400 seconds. A postperfusion 
sample is drawn 5 minutes after protamine ad- 
ministration; if additional protamine is given, 
the test is repeated in 5 minutes. The protamine 
dosage is titrated until the prebypass baseline 
level is achieved. The automated ACT is re- 
peated in the intensive care unit 2 hours post- 
operatively. 

Extracorporeal bypass equipment consisting 
of a Sarns pump and Galen Optiflo oxygenator, 
Swank cardiotomy filters, and Pall arterial line 
filters of 40 u pore size were used in all patients. 
Perfusion rates of 2.0 to 2.6 Limin/m’ BSA with 
mild hypothermia (28° to 32°C) were used in all 
cases. The perfusate was a nonblood prime solu- 
tion containing Ringer’s lactate (1,000 ml), 5% 
Albumisol (1,000 ml), sodium bicarbonate (50 
mEq), dextrose 25 gm, potassium chloride (6 
mEq), magnesium sulfate (8 mEq), and heparin 
(10,000 units) [6]. 

Group I comprised 58 patients operated on 
between October, 1974, and March, 1975, using a 
standard heparin-protamine protocol. Beef lung 
heparin,* 10,000 units, was added to a standard 
nonblood prime solution and 300 units of hepa- 
rin per kilogram was given prior to bypass (100 
units of heparin per kilogram was added to the 
priming solution every 45 minutes during 
bypass). At the conclusion of bypass, pro- 
tamine* was administered at a ratio of 1.0 mg per 
100 units of the total amount of heparin given. 
The partial thromboplastin time was used to 
monitor heparin reversal. Additional protamine 
in 50 mg increments was given until the partial 
thromboplastin time became normal. 

Group II consisted of 56 patients operated 
on between April and December, 1975. Ten 
thousand units of heparin was used in the prim- 
ing solution, and 300 units per kilogram was 
administered prior to bypass. Hemochron ACT 
determinations were obtained prior to heparin 
administration and repeated every 30 minutes 
during bypass. No additional heparin was given 
unless the ACT fell below 400 seconds. When 


*Upjohn Co, Kalamazoo, MI. 





Fig 1. Hemochron automated constant-temperature 
activated clotting timer. 


this occurred, 100 units per kilogram of heparin 
was given and the ACT test was repeated in 5 
minutes to verify that the ACT exceeded 400 
seconds. At the conclusion of cardiopulmonary 
bypass protamine was administered at a ratio of 
0.50 to 0.75 mg per 100 units of the total amount 
of heparin used, depending on the duration of 
bypass and the last ACT value prior to the con- 
clusion of bypass. Additional protamine in 50 
mg increments was given (usually one dose) 
until the automated ACT achieved the pre- 
bypass level. 
The ACT protocol follows. 


Automated ACT Protocol 


1. Prebypass ACT baseline determination 
2. Heparinization before bypass 
a. 10,000 units in priming solution 
b. 300 U/kg body weight prior to bypass 
c. Monitor ACT every 30 min of bypass 
d. 100 U/kg body weight added if ACT is less 
than 400 sec 
3. Heparin reversal after bypass 
a. Protamine, 0.75 mg/100 U heparin* 
b. ACT test in 5 min 
c. Additional protamine in 50 mg increments 


*Total heparin given. 
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until prebypass baseline ACT level is 
achieved 
4. ACT test 2 hr postoperatively in intensive 
care unit 


Results 

The two groups were similar in types of opera- 
tions performed (Fig 2) and duration of bypass. 
There were 46 coronary bypass procedures in 
Group I compared with 44 in Group II. Nine 
valve procedures were performed in Group I 
compared with 11 in Group II. The remaining 3 
patients in Group I and 1 in Group II had miscel- 
laneous operations. The duration of cardiopul- 
monary bypass in Group I was a mean of 102 
minutes (+ 41.7 min) and in Group II was 104 
minutes (+ 27.9 min). The techniques of car- 
diopulmonary bypass were identical in both 
groups. 

Patients in Group I received a mean of 630 
units of heparin per kilogram (+ 11), whereas 
patients in Group II received 460 units (+ 4). At 
the conclusion of bypass the protamine/heparin 
ratio was found to be 1.1 (+ 0.43) mg of pro- 
tamine per 100 units of heparin in Group I com- 
pared with 0.77 (+ 0.23) mgin Group II, a signif- 
icant reduction in protamine/heparin ratio in 
Group II (p < 0.01). 

Mean blood loss in Group I was 226 (+ 275) ml 
per square meter of body surface area during the 
first 12 hours postoperatively, compared with a 
mean of 153 (+ 150) ml per square meter in 
Group II (Fig 3), a significant reduction in post- 
operative blood loss with ACT monitoring (p < 


Fig 3. Postoperative blood loss in the ACT group (I1) 
was 48% less than that in the standard 
heparin-protamine group (1). 
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Fig 2. Comparisons of operations in routine protocol 
group versus ACT group. See text. 


0.05). The use of donor blood was reduced from 
a mean of 2,800 ml in Group I to a mean of 850 ml 
in Group II. Patients in both groups were dis- 
charged with hemoglobin values of 10 gm or 
more. There were 2 early deaths in Group I, 
occurring 20 and 22 days postoperatively, and 1 
early death, 7 days postoperatively, in Group II. 
Disseminated intravascular coagulation and 
thromboembolic phenomena were not observed 
in any patient in this study. 


Comment 

Control of heparin administration during ex- 
tracorporeal circulation by frequent monitoring 
of its biological activity can largely eliminate one 
of the most important causes of bleeding in car- 
diac operations. In the past, heparinization dur- 
ing bypass procedures has been done on an em- 
pirical basis. The amount of heparin required to 
achieve a given ACT value and the rapidity with 
which heparin is metabolized is not predictable 
on the basis of the patient’s age, weight, or body 
surface area. The in vivo half-life of heparin can 
vary from less than 1 hour to greater than 4 
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hours, as reported by Bull [1]. Activators such as 
Celite and kaolin have been used in newer 
coagulation tests, such as the ACT, activated 
partial thromboplastin time, and blood acti- 
vated recalcification time (BART), which have 
been useful in monitoring heparinization dur- 
ing bypass [4]. 

A study using the ACT test to plot a heparin 
dose/response curve during cardiopulmonary 
bypass [1] stimulated our investigation in the 
use of an automated ACT test to individualize 
heparin and protamine administration based on 
biological activity during open-heart operation. 

Although patients in Group I of our study 
were given an additional 100 units of heparin 
per kilogram at the end of every 45 minutes of 
bypass, only 6 patients in Group II required 
additional heparin as determined by periodic 
ACT monitoring during bypass. This resulted in 
a reduction in the total amount of heparin given 
to the average patient in the ACT group. Based 
on our observations, when the ACT during 
bypass is maintained at a value greater than 400 
seconds, the occurrence of thromboembolic 
events and disseminated intravascular clotting 
can be virtually eliminated. 

At the conclusion of bypass heparin is re- 
versed by protamine, which is administered at a 
rate of 0.50 to 0.75 mg per 100 units of the total 
heparin dose. If the last ACT value obtained 
prior to the conclusion of bypass approaches 400 
seconds, then the lower range of protamine (0.50 
mg) is administered and any additional pro- 
tamine is titrated until the prebypass value is 
achieved. On occasion we have seen the disap- 
pearance of a good clot in the wound and the 
appearance of generalized ooze. A repeat ACT at 
this point will usually indicate that additional 
protamine is needed. If the ACT value continues 
to rise after additional protamine has been giv- 
en, then a search for other factors must be made 
to determine the cause for the apparent absence 
of adequate clotting. 

We have found a significant reduction in 
postoperative blood loss in those patients whose 
heparin-protamine dosage was monitored with 
the automated ACT test compared with the 


group who underwent a standard heparin- 
protamine protocol and the partial thromboplas- 
tin time test. We conclude that this reduction in 
postoperative bleeding is a result of more accu- 
rate control of heparin dosage schedules utiliz- 
ing ACT tests since all other factors (type of 
operation, duration of bypass, operative tech- 
niques, priming solutions, and bypass equip- 
ment) were similar in both groups. In a similar 
study Jaberi [4] found the BART determination 
to be a valuable adjunct in determining the 
amount of protamine required to reverse 
heparinization at the end of cardiopulmonary 
bypass. Our preference for the ACT test is based 
on the fact that only one step is required, com- 
pared with two steps in the BART test. Further- 
more, available operating room personnel, such 
as pump technicians and nurses, can readily 
perform this determination since the automated 
timer yields a sharp end-point. 

It is noteworthy that approximately 70% of 
our procedures are now accomplished without 
the use of donor blood transfusions, which in 
turn reduces the exposure to serum hepatitis. 
The simplicity and reliability of the automated 
ACT test justifies its broader application in 
open-heart operations as well as for monitoring 
heparin therapy in other clinical settings. 
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CASE REPORTS 


Late Cardiac Tamponade 
Following 


Open-Heart Surgery: 


Detection by Echocardiography 


Hemal A. Fernando, M.D., Howard S. Friedman, M.D., 
Fouad Lajam, M.D., and Hideki Sakurai, M.D. 


ABSTRACT Late cardiac 
open-heart operation is a potentially lethal complica- 
tion that is often difficult to diagnose. A case of car- 
diac tamponade occurring two weeks after left ven- 


tamponade following 


tricular aneurysmectomy and coronary bypass 
surgery is reported. Despite opening of the anterior 
pericardium during operation, echocardiography re- 
vealed characteristic findings, which permitted 


prompt recognition of this disorder. 


Cardiac tamponade following open-heart opera- 
tion occurs in both the early and late postopera- 
tive periods [1, 2,4, 5, 8, 10, 13, 14]. This poten- 
tially lethal complication often manifests itself as 
a low cardiac output state masquerading as an 
acute myocardial infarction or pulmonary em- 
bolism [5]. Its occurrence in the late postopera- 
tive period, when the patient is not closely 
monitored and when the occurrence of cardiac 
tamponade is often not anticipated, is especially 
dangerous. The common surgical practice of 
leaving the anterior pericardium open as a pre- 
cautionary measure does not, in fact, prevent 
cardiac tamponade [10]. Also, the classic signs of 
elevated venous pressure and paradoxical pulse 
usually found in cardiac tamponade may not be 
present. Several methods for detecting post- 
operative cardiac tamponade have been de- 
scribed [10, 12, 17]. Although echocardiography 
is widely used in the detection of pericardial 
effusion, its usefulness in the diagnosis of tam- 
ponade following a cardiac operation has not 
been established. Accordingly, the purpose of 
this report is to demonstrate the use of bedside 
echocardiography in diagnosing late postopera- 
tive cardiac tamponade. The diagnosis of car- 
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diac tamponade by this technique allowed for 
immediate decompressive therapy, which 
dramatically reversed cardiogenic shock and 
saved the patient's life. 


A 57-year-old white man who had had an 
abdominal aneurysmectomy with graft two 
years prior to admission underwent cardiac 
catheterization for increasing angina pectoris. 
An anteroapical left ventricular aneurysm with 
occlusion of the proximal left anterior descend- 
ing and right coronary arteries was found. On 
May 4, 1976, he underwent open-heart opera- 
tion with left ventricular aneurysmectomy and 
reverse saphenous vein graft bypass of his right 
coronary artery. The anterior pericardium was 
left open, with a wide communication to the 
right pleural cavity. Both the pericardial and the 
right pleural space were drained separately with 
chest tubes. The amount of postoperative drain- 
age was minimal, and chest tubes were removed 
after 48 hours. The early postoperative period 
was uneventful except for transient atrial ar- 
rhythmias. Five days postoperatively the pa- 
tient started ambulating; vital signs were stable, 
and the electrocardiogram showed a normal 
sinus rhythm and was unchanged from the 
preoperative tracing. Oral anticoagulant ther- 
apy with warfarin was started on the second 
postoperative day and was continued with the 
prothrombin time in the therapeutic range. 

On May 17, 13 days postoperatively, the pa- 
tient complained of dizziness and left-sided 
chest and shoulder pain. He was found to be 
diaphoretic, cold, and clammy, with a systolic 
blood pressure of 80 mm Hg. Electrocardiogram 
showed a regular sinus rhythm with slight re- 
duction of QRS complex voltage over the lateral 
precordial leads. A Swan-Ganz catheter was in- 
serted, and a pulmonary capillary wedge pres- 
sure of 18 mm Hg was obtained. A tentative 
diagnosis of acute myocardial infarction with 
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cardiogenic shock was made and, despite vol- 
ume expansion, an intravenous dopamine drip 
was required to maintain arterial pressure. Over 
the next 36 hours there was further deterioration 
in the patient's clinical condition: he remained 
hypotensive and diaphoretic, with cold ex- 
tremities and scanty urine output. The jugular 
venous pressure was elevated to the angle of the 
mandible. The cardiac apex was not palpable, 
and bilateral rales were heard over the lung 
bases. A chest roentgenogram showed an in- 
crease in the cardiac silouette. At this time bed- 
side echocardiography was performed in the 
standard manner [7] to determine whether a 
pericardial effusion was present. With the pa- 
tient in the supine position, the transducer was 
placed in the fourth intercostal space and angled 
to identify echoes from the mitral valve. With 
appropriate adjustments both mitral leaflets, the 
interventricular septum, the left ventricular en- 
docardium, and the epicardium were recorded. 
The transducer was then angled medially and 
superiorly to record over the aortic root and left 
atrium. The recording was made in one con- 
tinuous sweep from the left ventricular apex to 
the aortic root. Part A of the Figure shows the 
echocardiogram obtained at the time of cardiac 
tamponade. An echo-free space posterior to the 
left ventricular epicardium, which is highly 
suggestive of fluid behind the heart, is shown. 
Also, enlargement of the left atrium, anterior 
motion of the mitral leaflets in systole, and a 
reduction of the D to E slope are present. Be- 
cause of the patient’s extremely poor condition, 
a drainage procedure using the subxiphoid ap- 
proach was carried out at bedside, with the pa- 
tient under local anesthesia. About 800 ml of 
blood-stained fluid poured out of the incision. 
Blood pressure rose dramatically from 60/40 to 
130/80 mm Hg, and concomitantly the patient 
showed marked clinical improvement. Repeat 
echocardiography (Figure, B) shows disappear- 
ance of the echo-free space, reduction of left 
atrial dimensions, and normalization of mitral 
leaflet motion. Subsequently, the patient made 
an uneventful recovery and was discharged 
from the hospital. 


Comment 


Cardiac tamponade has been reported to occur 
in 3 to 6% of patients undergoing open-heart 


operation [4, 5]. It can occur early in the post- 
operative period, when it is related to hemor- 
rhage, or late postoperatively, after removal of 
temporary atrial pacing wires [1], after dis- 
lodgment of a left atrial catheter [3], or as a 
complication of either the postcardiotomy syn- 
drome [5, 14] or anticoagulant therapy [2, 4, 8]. 
Our patient developed tamponade while on an- 
ticoagulants, despite a prothrombin time within 
the therapeutic range. Almost all reported pa- 
tients having late cardiac tamponade following 
open-heart operation had received anticoagu- 
lants [4]. Many patients, like ours, had pro- 
thrombin times that were not excessive. 

Diagnosis of cardiac tamponade is often de- 
layed because of the difficulty in differentiating 
cardiac tamponade from other causes of a low 
cardiac output state [10]. Moreover, accumula- 
tion of blood and fluid in the mediastinum may 
compress only the left heart, a consequence of the 
heart’s adherence to the pericardium anteriorly 
[15]. Such findings may produce left-sided car- 
diac tamponade, which may appear clinically as 
a low cardiac output state but with minimal ele- 
vation of venous pressure and absence of 
paradoxical pulse [15, 18]. Fall in the hematocrit 
[5] and an enlarging cardiac silhouette roent- 
genogram [4] may be the only helpful signs. 
However, there is considerable uncertainty in 
interpreting changes in cardiac silhouette on 
bedside roentgenograms, and falling hematocrit 
may suggest another diagnosis. 

In view of the difficulty in diagnosing post- 
operative cardiac tamponade, other techniques 
have been suggested. Use of the Swan-Ganz 
catheter to demonstrate a diastolic pressure 
plateau of pulmonary capillary, pulmonary ar- 
tery, right ventricular, and right atrial pressures 
has been reported [17]. Separation of juxtaposed 
epicardial-pericardial clips inserted at opera- 
tion may also assist in diagnosing cardiac 
tamponade [12]. On the other hand, echocardiog- 
raphy is a relatively simple noninvasive tech- 
nique that can be performed at bedside. Dem- 
onstration of an echo-free space behind the left 
ventricle that disappears on recording over the 
left atrium is a cardinal feature of fluid in the 
pericardial cavity [6, 11, 16]. However, failure to 
perform an adequate study may result in either 
false-negative or false-positive echocardio- 
graphic diagnoses of pericardial fluid [6, 11]. In 
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Echocardiograms with corresponding diagnostic 
illustrations during (A) and after (B) tamponade, 
showing echo-free space (EFS) during tamponade 
(A) and its disappearance following removal of fluid 
(B). (AAR = anterior aortic root; PAR = posterior 
aortic root; AL = aortic leaflets; AML = anterior 
mitral leaflet; EN = endocardium; EP = epicardium; 
M = myocardium; LA = left atrium; IVS = 
interventricular septum.) 
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some instances, technical conditions such as the 
presence of bandages and chest tubes may ob- 
viate diagnostic echocardiograms in the post- 
operative period. Our patient showed a typical 
posterior echo-free space but did not show fluid 
anteriorly, which may have been due to post- 
operative adhesions formed between the an- 
terior mediastinum and the heart. Other 
echocardiographic features noted in our patient 
were an increased left atrial diameter that was 
reversed following removal of fluid, a reduced D 
to E slope, and abnormal motion of the mitral 
leaflet in systole. A reduced D to E slope of the 
anterior mitral leaflet has been correlated with 
markedly elevated left ventricular diastolic pres- 
sure [7], which is characteristically found in car- 
diac tamponade [9]. It is also possible that the 
decline of the D to E slope may have reflected a 
reduction in the rate of decline of left ventricu- 
lar pressure during isovolumetric relaxation, 
which has been found to be one of the earliest 
abnormalities in experimental cardiac tam- 
ponade [9]. Thus echocardiography is a useful 
noninvasive technique for detecting mediasti- 
nal fluid and for diagnosing cardiac tamponade, 
even following open-heart operation when the 
anterior pericardium has been opened. 
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Pulmonary Embolus 
Presenting as the Initial 


Manifestation of Renal Cell Carcinoma 


James D. Daughtry, M.D., Bruce H. Stewart, M.D., 
Leonard A. R. Golding, M.D., and Laurence K. Groves, M.D. 


ABSTRACT Recent literature suggests that pulmo- 
nary embolus secondary to renal cell carcinoma may 
be more common than previously suspected. Renal 
tumors are known for their ability to metastasize 
early, often before the primary lesion is apparent. 

A patient with renal cell carcinoma and having 
massive pulmonary tumor embolus is presented. At- 
tention was called to the occult tumor by the identifi- 
cation of clear cell carcinoma in the pulmonary em- 
bolic material. Pulmonary embolectomy and surgical 
extirpation of the primary tumor resulted in long- 
term survival. 


Renal cell carcinoma with pulmonary embolus 
may be more common than previously sup- 
posed. We report the history of a patient in 
whom renal cell carcinoma was initially man- 
ifested by a massive pulmonary embolus which 
occluded the main right pulmonary artery and 
the lower division of the left pulmonary artery. 
Emergency pulmonary embolectomy followed 
by subsequent radical nephrectomy has resulted 
in a 21⁄2 year survival to date. 


A 68-year-old white man was admitted to the 
emergency room following a sudden collapse 
outside the hospital after visiting a relative. He 
was found to be unarousable, cyanotic, 
hypotensive, and incontinent of urine and had a 
head laceration and weak peripheral pulse. Be- 
cause of hypotension, he was immediately 
given vasopressors, and his systolic pressure 
rose to 90 mm Hg. The electrocardiogram dem- 
onstrated a small-voltage QRS complex with S-T 
depression in the precordial leads and a right 
bundle-branch block. Blood gas determinations 
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showed a pH of 7.27, Pco, of 140 mm Hg, and 
carbon dioxide content of 14. Chest roentgeno- 
gram revealed only mild linear atelectasis of 
both bases. Cyanosis persisted, and pulmonary 
angiograms were done to evaluate the possibil- 
ity of pulmonary embolus. This study showed 
obstruction of the right main pulmonary artery 
and left lower lobe pulmonary artery (Fig 1). 
Because of the patient’s dependence upon vas- 
opressors to maintain an adequate blood pres- 
sure, an emergency embolectomy was per- 
formed. 

Marked distention of the right heart and pul- 
monary arteries were noted at operation. On 
total cardiopulmonary bypass the main pulmo- 
nary artery was opened, and a mass, totally 
occluding the right pulmonary artery, was en- 
countered. Aided by manual compression of the 
right and left lungs, both right and left pulmo- 
nary arteries were cleared of embolic material. 
The material removed was unusual in appear- 
ance and was submitted for frozen-section ex- 
amination, which revealed clear cell carcinoma 
compatible with renal origin (Fig 2). 

Hemodynamically, the patient had a prompt 
and satisfactory recovery, but on reacting from 
anesthesia he manifested aphasia and 
hemianopia, which gradually improved. After 
cardiovascular recovery, an excretory urogram, 
renal and carotid angiograms, and inferior 
cavogram were performed. The left kidney, ure- 
ter, and urinary bladder were normal, but de- 
layed visualization of a few separated calyces in 
the right kidney was noted. The angiographic 
pattern was compatible with renal cell car- 
cinoma with invasion and replacement of most 
of the parenchyma of the right kidney. The right 
renal vein was involved, and renal function was 
markedly diminished. Inferior cavogram re- 
vealed a large filling defect approximately 4 cm 
in diameter in the vena cava at the level of the 
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Fig 1. (A) Pulmonary angiogram shows massive 
pulmonary embolus obstructing the right main 
pulmonary artery with decreased blood flow into the 
entire right lung field. (B) Pulmonary angiogram 
shows pulmonary emboli obstructing the left lower 
lobe pulmonary artery with cutoff of the vascularity 
in the left midlung field. 








Fig 2. Photomicrograph of hemorrhagic pulmonary 
embolic material diagnostic of clear cell carcinoma. 
(H&E; x40.) 


right renal vein, compatible with tumor throm- 
bus. Bone scan was normal, with no suspicious 
areas of increased radioactivity to suggest an 
osteoblastic metastasis. 

A carotid angiogram performed because of the 
neurological deficit demonstrated complete oc- 
clusion of the left internal carotid artery at its 
origin; the right common carotid artery ap- 
peared to be normal. The carotid obstruction 
was consistent with cerebral atherosclerosis and 
thrombosis secondary to the patient’s hypoten- 
sion rather than to metastatic neoplasm. Com- 
puter tomography of the brain performed 
during this acute neurological problem showed 
increased uptake over the left cerebral area com- 
patible with an acute stroke, but a metastatic 
tumor could not be ruled out. 

Approximately two weeks following pulmo- 
nary embolectomy, the patient experienced con- 
siderable gross hematuria, colicky right flank 
pain, and general abdominal discomfort. Cys- 
toscopy was performed, and a large number of 
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well-formed clots were noted within the blad- 
der. There appeared to be no gross bladder le- 
sion, and multiple urine specimens showed no 
tumor cells. Right radical nephrectomy and in- 
ferior vena cavotomy were then performed. A 
large tumor was found in the lower two-thirds of 
the kidney, and multiple satellite nodules were 
scattered throughout the kidney parenchyma. 
Renal veins, particularly those draining the area 
of the tumor mass, showed intravascular pres- 
ence of neoplasm, and tumor involved the main 
renal vein to the cava. The diagnosis of renal cell 
carcinoma of the clear cell type involving the 
lower pole of the right kidney was confirmed 
histologically (Fig 3). 

The patient had an uneventful recovery from 
his nephrectomy, and a few days postopera- 
tively he was able to void satisfactorily. Serum 
creatinine stabilized at 1.5 mg/100 ml; hemo- 
globin, complete blood count, and SMA-12 were 
also within normal limits. Chest roentgenogram 
showed no obvious metastasis; pulmonary 


Fig 3. Photomicrograph of right kidney neoplasm 
demonstrating renal cell carcinoma of clear cell type. 
(H&E; X160.) 





function was normal. There was some im- 
provement in aphasia, with no other neurologi- 
cal findings. The patient’s general health is 
stable. He had no symptoms of metastasis 30 
months postoperatively. 


Comment 


Renal cell carcinoma may manifest itself in a 
bizarre fashion, in this case as a massive pulmo- 
nary embolus. Recent literature suggests that 
pulmonary embolus secondary to renal cell car- 
cinoma may be more common than was formerly 
suspected [12]. 

These tumors are known for their ability to 
metastasize early in their course, often before 
the primary lesion is apparent. The classic triad 
of flank pain, hematuria, and abdominal mass is 
present in only approximately 15% of cases [8, 
10]. About 25% of patients with renal cell car- 
cinoma will have evidence of metastatic disease 
upon initial examination [5, 7]. Metastatic renal 
cell carcinoma may simulate other tumors in its 
presentation, and the unusual signs and symp- 
toms make diagnosis extremely difficult. Creevy 
[3] and others have stated that malignant renal 
tumors should be classified with syphilis and 
tuberculosis among the great mimickers en- 
countered in medicine. In our patient attention 
was Called to the occult tumor by the identifica- 
tion of a clear cell carcinoma in a massive pul- 
monary embolus. The gross appearance of the 
operative specimen was atypical for a pure 
thrombus; therefore, frozen-section examina- 
tion was performed. 

Vena cava and renal vein involvement by 
renal cell carcinoma has been reported by Ark- 
less [1], Coman [2], and Svane [11]. The inci- 
dence of renal cell carcinoma involving the vena 
cava or renal vein has varied from 9.5% in 
Svane’s report to 54% in that of McDonald and 
Priestley [4]. The presence of renal vein in- 
volvement increases the possibility of pulmo- 
nary emboli. Tumor emboli and pulmonary in- 
volvement seem to be common phenomena. 
Winterbauer and associates [12] and Arkless [1] 
found that 25% of the pulmonary lesions in this 
disease were secondary to tumor emboli. Renal 
cell carcinoma extending into the vena cava as 
well as to the renal vein carries a poor prognos 
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McDonald and Priestley [4] noted that 38% of 
their patients with vascular involvement were 
dead within one year, compared to 18% of those 
without extension. Richie and associates [9] re- 
ported a 72% mortality over three years follow- 
ing nephrectomy for those with vascular in- 
volvement, compared to 51% mortality for those 
without vascular involvement. Myers and col- 
leagues [6] also reported a poor prognosis for 
those with vascular involvement, ie, 55% 
three-year mortality with vascular involvement 
compared to 29% without. Pulmonary tumor 
emboli usually occur due to spontaneous release 
from the primary neoplasm; occasionally they 
may result from manipulation of the renal vein 
at the time of nephrectomy. Chemotherapy and 
irradiation are also believed to predispose the 
patient to tumor embolization [13]. 

Recent studies indicate that tumor emboli do 
not necessarily develop into pulmonary metas- 
tases. Some may be destroyed intraluminally or 
remain latent without parenchymal invasion 
[12]. Woo-Ming and co-workers [13] reported on 
a calcified tumor thrombus in the left pulmonary 
artery of a patient who had undergone radical 
nephrectomy for renal cell carcinoma 11 years 
previously. Renal vein extension of the tumor 
had been noted at the time of nephrectomy, and 
the patient was asymptomatic without signs of 
recurrence. 

Signs of either vena cava obstruction or pul- 
monary emboli should alert the clinician to the 
possibility of renal cell carcinoma with invasion 
of the vena cava. Large intracardiac thrombi 
secondary to renal cell carcinoma may cause 
considerable mechanical embarrassment of the 
tricuspid valve. Anuria, secondary to bilateral 
renal vein involvement, is also possible and may 
accompany total occlusion of the inferior vena 
cava. Sudden death due to tricuspid valve 
obstruction or massive pulmonary tumor em- 


boli can occur. Since these tumor emboli may be 
destroyed intraluminally, or remain latent with- 
out parenchymal invasion, surgical extirpation 
of the primary tumor can theoretically result in a 
cure and should be done if the patient’s general 
condition permits. 
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COLLECTIVE REVIEW 


Clinical Spectrum 


of Infantile Lobar Emphysema 


Elliott Michelson, M.D. 


ABSTRACT 
common disease affecting newborns and infants with 
varying degrees of respiratory distress, evidence of 
lobar overaeration, mediastinal shift, and herniation. 
Congenital malformations of the bronchi and alveoli 


Infantile lobar emphysema in an un- 


and extrinsic compression by vessels and cysts ac- 
count for less than 50% of these cases. All segments of 
the upper and middle lobe may be involved, but the 
major overexpansion occurs in the anterior segment. 
Respiratory distress may be absent, mild, or severe, 
and the condition may be acutely progressive, acutely 
reversible, chronic, or recurrent. This symptom com- 
plex is the result of multiple factors requiring inves- 
tigation prior to definitive operation. 


Infantile lobar emphysema is an uncommon 
disease affecting newborn and older infants 
with varying degrees of respiratory distress, 
clinical and roentgenological evidence of overa- 
eration of an upper or middle lobe with medias- 
tinal shift, and herniations. Usually, it is con- 
sidered to be an acute irreversible condition, but 
experience has shown that all degrees of distress 
and overdistention, acute or chronic, progres- 
sive as well as reversible, may exist. The differ- 
ent types of infantile lobar emphysema together 
with diagnostic and therapeutic procedures are 
reviewed here. 

The causes of lobar emphysema have been 
considered simplistically as obstruction of air 
flow due to a deficient bronchial wall or extrinsic 
compression by cysts or blood vessels, despite 
the fact that fewer than half of these patients 
reveal any organic abnormality. Congenital al- 
veolar hyperplasia, or giant overgrowth of al- 
veoli, has recently been described [14-16] and 
may account for some but not all of the residual 
cases (Table). Infection and aspiration may pro- 
duce reversible lobar emphysema, and it is 
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probable that multiple factors may produce the 
final picture of infantile emphysema. 

Infantile lobar emphysema can be best differ- 
entiated into reversible and irreversible condi- 
tions. The following examples illustrate acute 
reversible, acute irreversible, asymptomatic, sub- 
acute, and extrinsic types of lobar emphysema. 


Acute Reversible Lobar Emphysema 


Lobar emphysema may develop as a result of 
acute infection with overdistention of the an- 
terior segments of the upper or middle lobe, 
herniation across the mediastinum, concomit- 
ant mediastinal shift, and compression of ip- 
silateral as well as contralateral lung tissue. 
To differentiate this condition from the serious 
irreversible lesions demanding immediate opera- 
tion requires additional information and clinical 
judgment. The roentgenological evidence of 
bilateral overaeration of lower as well as upper 
lobes suggests a diffuse bronchiolitis that may 
be relieved by adequate antibiotic therapy. The 
following history illustrates this type of revers- 
ible lobar emphysema. 


Patient 1 


A 2-month-old previously healthy girl was ad- 
mitted because of severe cough and progressive 
lethargy of four days’ duration. (A sibling had 
died of respiratory distress at the age of 6 hours.) 
The child was lethargic, febrile, and cyanotic, 
and respirations were 46 per minute. Fine cre- 
pitant rales were heard throughout both lungs. 
Sinus tachycardia with a faint systolic murmur 
was heard over the apex of the heart. The liver 
was enlarged below the costal margin. An elec- 
trocardiogram showed nonspecific abnormal 
changes, and the child was digitalized. Chest 
roentgenograms revealed bilateral hyperaera- 
tion (Fig 1A). The patient’s clinical condition 
remained unchanged the following day, but 
chest roentgenograms revealed a shift in the 
mediastinum to the right with marked hypera- 
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Probable Causes of Infantile Lobar Emphysema 


Irreversible 





Reversible Intrinsic 


1. Secretions 
Amniotic detritus 
Infection 

2. Hiatus hernia 


deficiency 


3. Esophageal obstruction 
Vascular ring 
Bronchogenic cyst 


4. Foreign body 


trophy 


4. Idiopathic 


eration of both right and left lungs (Fig 1B). Eye 
and throat cultures yielded Staphylococcus albus. 
Chest roentgenograms on the third day showed 
further herniation of the left upper lobe across 
the mediastinum with atelectasis of the right 
upper lobe. The child improved when given 
antibiotic therapy; the upper lobe atelectasis 
cleared and on the sixth day the right upper lobe 
was completely expanded, but emphysema of 
the left upper lobe was still present (Fig 1C). 
Three days later (Fig 1D) the emphysema had 
disappeared. Barium swallow and broncho- 
grams later showed a normal tracheobronchial 
tree with no esophageal distortion. The child 
had no further respiratory difficulty, and roent- 
genograms four years later revealed normal lung 
fields. 

This instance of reversible lobar emphysema 
was characterized by moderate respiratory dis- 
tress at the onset, rapid development and subsi- 
dence of the emphysema, mediastinal her- 
niation with contralateral atelectasis, and no 
subsequent recurrence. A possible cause of the 
emphysema is discussed later. 


Acute Irreversible Lobar Emphysema 


Typical infantile lobar emphysema develops 
shortly after birth, with severe respiratory dis- 
tress, roentgenological evidence of overexpan- 
sion of the lung, compression of contiguous 
lobes, shift of the overexpanded segment across 
the mediastinum, and atelectasis of the opposite 
upper lobe. Overinflation is most often confined 
to the anterior segment of the right or left upper 
lobe or the middle lobe; there are no reports of 


1. Bronchial cartilage 


2. Mucosal valve 


3. Alveolar hyper- 


Extrinsic 


1. Bronchogenic cyst 
Mediastinal 
Peribronchial 
2. Vascular 
Ductus arteriosus 
Anomalous pulmonary artery 
3. Duplication of bowel 


this condition occurring in the lingula. Seg- 
ments rather than lobes may be affected, and 
lower lobes are rarely involved. The diagnosis is 
suggested by the marked respiratory distress 
and presence of an elevated asymmetrical an- 
terior chest wall, and is confirmed by chest 
roentgenogram. If respiratory distress antedates 
lung overdistention, further diagnostic studies, 
including bronchoscopy and esophagograms, 
may be necessary prior to consideration of sur- 
gical intervention. 


Patient 2 


A 3¥/2-month-old German-born boy, fed literally 
on milk and honey, had been well until a mild 
respiratory infection developed two weeks prior 
to his admission. He was treated for mild bron- 
chitis, flown to the United States one week be- 
fore admission, and developed coughing and 
wheezing five days later. His condition wors- 
ened, and chest roentgenograms on admission 
showed herniation of the left lung across the 
midline into the right chest with the cardiac 
shadow shifted to the right (Fig 2A). The an- 
terior chest wall was elevated (Fig 2B), and 
marked obstructive breathing was heard bilat- 
erally. The liver was 2 cm below the costal mar- 
gin. Throat cultures yielded S. albus. 

The child was placed on penicillin and 
Chloromycetin, but his breathing continued to 
be rapid and stertorous though there was no 
accompanying cyanosis. Chest roentgenograms 
the following day showed continued herniation 
of the left upper lobe through the anterior 
mediastinum. A bronchogram visualized the 


184 The Annals of Thoracic Surgery Vol 24 No 2 August 1977 





Fig 1. (A) Bilateral basilar hyperaeration in 
2-month-old child with respiratory distress. (B) 
Situation 24 hours later. Clinical condition 
unchanged. Mediastinal shift with herniation at left 
upper lobe. (C)Clinicalimprovement on sixth day. 
Overinflation present but herniation and mediastinal 
shift relieved. (D) Ninth day. Infant well, lungs 
clear. 
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Fig 2. (A) Acute respiratory distress. Herniation of 
left lung with right upper lobe atelectasis. (B) Lateral 
chest roentgenogram showing marked overinflation 
with elevated anterior chest wall. 


branches of the right main bronchus as well as the 
left lower lobe, but the left upper lobe bronchus 
could not be filled. Twenty-four hours later 
there was a marked increase in the respiratory 
distress, and roentgenograms showed further 
herniation of the left upper lobe. A diagnosis of 
irreversible infantile emphysema was made and 
the diagnosis was confirmed at operation when 
the overdistended upper lobe billowed through 
the wound. The lobe did not collapse, and the 
greater part of the distention consisted of the 
anterior segment. The segment had two large 
pulmonary arteries coursing along its bronchus 
as wellas alarge bronchial artery, approximately 
three times normal size. By dislocating the 
upper lobe through the wound, the lower lobe, 
as well as the lingula and posterior segments, 
expanded without difficulty. The lingula and 
portions of the apical and posterior segments of 
the resected specimen collapsed easily, but the 
anterior segment remained overinflated. One 
day postoperatively pneumonitis developed in 
the right upper lobe, and further antibiotic 
therapy resulted in clearing the infection. At 
discharge the child was in excellent health with 
clear lung fields and normal chest contour. 

One week later he was readmitted because of 
cough and respiratory wheeze. Again, he had 
severe respiratory distress with high fever, 
marked intercostal retraction, and audible bilat- 
eral wheezes. Throat cultures again yielded S. 
albus. Roentgenograms showed prominent pul- 
monary markings on the right, extending to 
the periphery, but with no evidence of overdis- 
tention. The child was given antibiotics, with 
complete resolution five days later. Examination 
four years after discharge revealed no respira- 
tory complaints and normal lung fields on 
roentgenograms. 

Examination of the resected left upper lobe 
showed marked emphysema of the anterior 
segment and, to a lesser degree, the apical and 
posterior segments. The lingula was normal in 
appearance. Microscopical examination (Fig 3) 
revealed deficiency with fragmentation of the 
bronchial cartilages throughout the anterior 
segmental bronchi and, to a lesser degree, in the 
apical and posterior bronchi. The cartilages in 
the lingular bronchus were found to be normal. 
In the anterior segment marked emphysematous 
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Fig 3. Deficient and fragmented bronchial cartilages 
in anterior segmental bronchus. (H&E; X100.) 


changes were noted surrounding the large bron- 
chi (Fig 4). 

This case of acute lobar emphysema resulted 
in the typical radiological picture of hyperlu- 
cency, mediastinal herniation, and shift with 
atelectasis of the contralateral lobe. Air travel at 
high altitudes may have contributed to the in- 
itial overexpansion. There was an associated 
respiratory infection, but following excision of 
the emphysematous lobe, recurrent infection 
did not result in lobar emphysema. There have 
been no subsequent respiratory difficulties. 


Asymptomatic Lobar Emphysema 

In the postnatal period the child may aspirate 
mucus or amniotic detritus with development 
of lobar emphysema. This hyperlucency with 
mediastinal herniation may appear on the chest 
roentgenogram without associated respiratory 


symptoms. 


Patient 3 
This infant was born following an uncompli- 
cated delivery under spinal anesthesia, and 





bt eg tes A 

~ Spr o : 
a? "SA ete 
ea inet a tee “ait Cah. god 
oh, Sats xe me yn 

. say se" J LS Ve 
Ph, i ` Lt mone A y FRA OY; aes 
P EAA ai ri á “ DA "g vil 

i hay ~ ad E= Pe? , 
E o m ELNAN 
B 


Fig 4. (A) Overinflation of alveoli with destruction of 
alveolar septa. (B) Section of normal infant lung at 
same magnification. (Both H&E; X100.) 
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cried spontaneously. On examination dex- 
trocardia was thought to be present, and a chest 
roentgenogram revealed overinflation of the 
right upper lobe with herniation of the anterior 
segment across the anterior mediastinum (Fig 
5). Respiratory distress never developed. Repeat 
chest roentgenograms 24 hours later (Fig 6) 
showed complete clearing with no evidence of 
herniation or pulmonary emphysema. 

The presence of pulmonary emphysema 
suggests some intrinsic or extrinsic obstruction 
of the lobar bronchus. The rapid reversal of 
hyperinflation without symptoms suggests that 
intrabronchial secretions may be one of the fac- 
tors inciting this symptom complex. The role of a 
soft anterior chest wall and voluminous anterior 
mediastinum in this mechanism is discussed 
later. 


Subacute Lobar Emphysema 

In the subacute or chronic forms of lobar em- 
physema the child has recurrent infection sec- 
ondary to atelectasis of contiguous lung by the 


Fig 5. Posteroanterior and lateral roentgenograms of 
asymptomatic newborn with lobar emphysema. 


emphysematous segment. In these instances 
respiratory distress is not severe, but recurrent 
inflammation of the compressed structures may 
result in either bronchiectasis or fibrosis, or 
both. 


Patient 4 


A 20-month-old girl was admitted because of 
recurrent febrile episodes. Chest roentgeno- 
grams revealed emphysema of the anterior seg- 
ments of the left upper lobe with contiguous 
atelectasis of the apical posterior segments of 
that lobe. She had been brought to the hospital 
on several occasions for bronchoscopy only to be 
discharged because of a persistent fever. On the 
last admission she remained in the hospital until 
her temperature became normal. Bronchoscopy 
then revealed obstruction of the anterior seg- 
ment of the left upper lobe. Biopsy from this area 
showed only atelectatic lung. Skin tests with 
PPD and histoplasmin were negative. A bron- 
chogram revealed the apical posterior bronchus 
of the upper lobe to be pushed medially, and the 
anterior segmental bronchus could not be filled. 
The lingula and lower lobe bronchi were nor- 
mal. 
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Fig 6. Posteroanterior and lateral roentgenograms of 
same child as in Figure 5, 24 hours later. Complete 
clearing of overinflation and herniation. 


At operation marked emphysema of the an- 
terior segment was found. The lingular and 
apicoposterior segments appeared normal, and 
there were no vascular anomalies. There was no 
evidence of acute or chronic inflammation, ab- 
normal vessels, or enlarged lymph nodes. The 
extreme anterior portion of the anterior segment 
was atelectatic and was responsible for the 
shadow seen on the roentgenogram. After re- 
moval of the upper lobe the lower lobe expanded 
without difficulty. Postoperatively the child did 
well, and four years after discharge she was 
found to be in good health with no fever or 
respiratory symptoms. 

Microscopical examination of the specimen 
revealed defective bronchial cartilage in the 
segmental and subsegmental bronchi of the an- 
terior, apical, and posterior segments. Extreme 
emphysema with fragmentation of septa was 
present in the anterior segment. 

This instance represents the segmental nature 
of lobar emphysema with herniation of the an- 


terior segment across the midline, producing 
compression of contiguous lung with recurrent 
fever. Various degrees of deformity of multiple 
segmental bronchi were again noted with pre- 
dominant emphysema in the anterior segment. 


Lobar Emphysema due to 

Extrinsic Causes 

Lobar emphysema secondary to extrabronchial 
compression is usually due to a bronchogenic 
cyst. The cyst may be visible on roentgeno- 
grams, but frequently it is not seen and, tragi- 
cally, may escape detection. It may be attached 
to the trachea or either major bronchus. If the 
pedicle of the cyst is sufficiently redundant, in- 
termittent obstruction of both bronchi may de- 
velop. The anterior wall of the esophagus is 
compressed, but difficulty with feeding is rarely 
observed. The definitive diagnostic test is the 
esophagogram, which will show compression of 
the anterior wall of the esophagus by the 
mediastinal cyst. The following history illus- 
trates the clinical vagaries of a left bronchogenic 
cyst, which first produced emphysema of the 
right lung and later emphysema with atelectasis 
of the left lung. 
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Patient 5 

A 6-month-old girl with a history since birth of 
cough aggravated by eating and with two previ- 
ous bouts of pneumonia was admitted because 
of acute respiratory infection and roentgenolog- 
ical evidence of emphysema of the right lung. 
She was placed on antibiotic therapy with com- 
plete relief of all symptoms, but the chest roent- 
genogram remained unchanged. The diagnosis 
of probable congenital lobar emphysema of the 
right lung was entertained, but she was dis- 
charged because of lack of symptoms. 

Ten days later she was readmitted on account 
of fever. Chest roentgenograms now showed 
decreased emphysema of the right lung with 
pneumonitis at the base of the left lung and 
atelectasis of the left upper lobe. Bronchoscopy 
two days later revealed elevation of the posterior 
wall of the right bronchus, which could be de- 
pressed easily, but the left main bronchus ap- 
peared normal. An esophagogram was reported 
to have shown no evidence of vascular ring, but 
the importance of anterior compression at the 
level of the carina was not appreciated. On anti- 
biotic therapy the left lower lobe pneumonia 
diminished with decreased overdistention of 
the right lung, but bronchography now revealed 
complete obstruction of the left main bronchus. 
At bronchoscopy a normal right main bronchus 
was seen, but the left main bronchus was 
obstructed by some extrinsic mass. 

A left thoracotomy was performed, and a 
bronchogenic cyst, attached to the left main 
bronchus by a thin, fibrous stalk, was found and 
resected. This cyst was trapped between the lat- 
eral wall of the left main bronchus and the aorta, 
with the esophagus compressed to a slight de- 
gree. The cyst measured 2 X 1 cm, was trabecu- 
lated, and was lined with columnar epithelium 
with foci of mild chronic inflammation. The 
postoperative course was uneventful, and no 
further respiratory or digestive symptoms were 
noted during the ensuing five years. 

This bronchogenic cyst, which had appar- 
ently enlarged as a result of infection, moved in 
pendulum fashion within the mediastinum, 
producing compression of the right and then 
the left main bronchus. Progressive dyspnea, 
wheeze, stridor, and cyanosis augmented by 
feeding and crying suggest obstruction in the 


tracheobronchial tree. Chest roentgenograms 
will usually reveal the presence of the cyst. Oc- 
casionally the cyst is not seen, and diagnosis by 
esophagogram is necessary and invaluable. 
Opsahl and Berman [27] had a similar case of 
recurrent atelectasis that was diagnosed at oper- 
ation but had no preoperative esophageal 
studies. In reviewing 25 patients with sympto- 
matic bronchogenic cysts, they found that 14 
had been operated on with only 1 death, but all 
11 who were not treated by surgery died; chest 
roentgenograms in 6 of these 11 patients failed to 
show a cyst or mass. These cases are most dif- 
ficult to diagnose, but careful examination of the 
esophagogram should give the necessary infor- 
mation. 


Lobar Emphysema with 
Intrapulmonary Cysts 


Extrinsic obstruction of the lobar bronchus by a 
cyst within the lung may lead to emphysema or 
be associated with abnormal or deformed bron- 
chi. The presence of both cyst as well as em- 
physema in the neonate may result from vari- 
ations of the same embryonic fault. 


Patient 6 


A 3-year-old girl who had always been in good 
health except for bronchiolitis developed a res- 
piratory infection. Breath sounds were absent 
over the apex of the right chest posteriorly, and 
chest roentgenograms revealed a large cyst with 
a fluid level occupying the midlung field of the 
right hemithorax (Fig 7). She was without symp- 
toms of infection or respiratory difficulty at the 
time of admission. Bronchoscopic examination 
was not remarkable; bronchography, however, 
revealed a large cyst displacing the apical seg- 
ment of the upper lobe upward with depression 
of the right middle and lower lobe bronchi. The 
cyst did not fill, and emphysema was noted in 
the segment lateral to the cyst. At operation the 
right upper lobe was huge, bulging through the 
wound, but no cyst was immediately apparent. 
The apical and anterior segments collapsed eas- 
ily, but the posterior segment was compressed 
by a large cyst which arose from the hilum, and 
the posterior segment peripheral to the cyst was 
emphysematous. 
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Fig 7. (A) Chest roentgenogram of a 3-year-old with 
recurrent bronchiolitis; absent breath sounds over 
right posterior apical chest wall. (B) Large cyst with 
fluid level in right upper axillary region. 





A right upper lobectomy was performed. The 
cyst was found to be lined by columnar 
epithelium and did not communicate with the 
bronchial tree. Marked emphysema was noted 
in the posterior segment of the right upper lobe; 
there were areas of emphysema in the apical and 
anterior segments as well. The patient’s post- 
operative course was uneventful, and four years 
later she was found to be developing normally 
with no intervening respiratory infections and 
with a normal chest roentgenogram. 

This case illustrates the hilar or peribronchial 
type of bronchogenic cyst, which grew into the 
lung but had the unusual roentgenological ap- 
pearance of an intrapulmonary cyst with fluid 
levels. Emphysema, which was noted in the pos- 
terior segment, could have been due to obstruc- 
tion by the cyst, but the presence of areas of 
emphysema in the apical and anterior portions 
as well suggests intrinsic bronchial or alveolar 
deformity. No evidence of cartilage deformity or 
mucosal valve was found. 


Lobar Emphysema due to Extrinsic 

Vascular Structures 

Extrinsic compression of the bronchus by vascu- 
lar structures has been reported infrequently, 
the most common cause being an anomalous 
ductus arteriosus [11]. An anomalous left pul- 
monary artery obstructing the right main bron- 
chus [6] and an aneurysmal vein [29] resulting in 
lobar emphysema have been reported. In the 
following history a ductus produced increasing 
compression of the left main bronchus. 


Patient 7 


A 4-month-old girl was admitted for investiga- 
tion of a persistent wheeze and respiratory dis- 
tress since birth. There had been one definite 
episode of pneumonia, for which she was hos- 
pitalized, and several less serious respiratory 
infections. On this admission she did not ap- 
pear acutely ill, although cyanosis was noted 
when she cried. The child was comfortable, with 
no tachycardia or tachypnea, but a definite 
wheeze was heard throughout the left lung. 
Chest roentgenograms showed hyperlucency of 
the entire left lung with mediastinal shift to the 
right and slight congestion at the left base (Fig 
8). At bronchoscopy the left main bronchus was 
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Fig 8. Chest roentgenogram of a 4-month-old with 
no respiratory distress but wheeze over left chestand 
hyperlucency of left lung. 


seen to become occluded during expiration. 
Bronchograms showed the left bronchus to be 
smaller than the right, with slight concavity 
suggesting an extrinsic mass. An esophagogram 
revealed no evidence of compression. 

At operation the left lung collapsed when the 
pleural space was entered; no pulmonary em- 
physema was noted. The entire left main bron- 
chus was normal except for an area of compres- 
sion by a ductus arteriosus. When this structure 
was sectioned, the lumen was incompletely ob- 
literated and a small clot was present. There 
were no other vascular anomalies. Throughout 
the operation the lung was noted to expand and 
deflate normally. The postoperative course was 
uneventful, and chest roentgenograms no 
longer showed overexpansion of the left lung. 

Following discharge the child had several 
episodes of pneumonitis, and four months later 
she was readmitted for further study. Chest 
roentgenograms showed no evidence of em- 
physema. Bronchoscopy revealed a normal left 
main bronchus with no occlusion during expira- 





tion. Her subsequent course was uneventful, 
and at the age of 5 years she had developed 
normally with no intervening serious respira- 
tory infections. 

Extrinsic compression of the bronchus by vas- 
cular structures may give rise to recurrent re- 
spiratory distress of varying degree. Partial 
obstruction of the bronchus results in hyperlu- 
cency of the lung and mediastinal shift, but her- 
niation of the lung across the midline does not 
develop. The diagnosis may be suggested by 
bronchoscopic evidence of extrinsic compression 
during expiration. No true emphysema is pres- 
ent, and the overdistention disappears with the 
removal of the extrinsic lesion. Residual defor- 
mity of the soft bronchial wall postoperatively 
diminishes rapidly as the bronchus grows and 
stiffens. 

It is reported that approximately 15% of all 
patients with congenital lobar emphysema have 
accompanying congenital heart disease [22], 
usually ventricular septal defect or ductus ar- 
teriosus. There are several case reports in which 
lobar emphysema was noted at the time of the 
cardiac operation, but due to the paucity of re- 
spiratory symptoms the offending segment or 
lobe was not resected [7]. In the postoperative 
period marked respiratory distress with increas- 
ing emphysema developed, resulting in the 
death of one child. Another improved following 
resection of the emphysematous lobe. 


Comment 


Infantile lobar emphysema is characterized by 
overdistention of an upper or middle lobe with 
compression of contiguous lung tissue, dis- 
placement of the mediastinum, herniation of the 
anterior segment across the anterior medias- 
tinum, and, at times, contralateral atelectasis of 
the upper lobe. The emphysema usually in- 
volves one lobe but may, in rare cases, involve 
more than one [22]. Many terms have been used 
to describe this condition, including congenital 
lobar emphysema, localized hypertrophic em- 
physema, congenital hypertrophic emphysema, 
progressive infantile emphysema, congenital 
obstructive emphysema, and lobar tension em- 
physema. Infantile lobar emphysema is the popu- 
lar and correct term because it describes a condi- 
tion which is not necessarily congenital in 
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origin. The condition is not rare; more than 170 
cases have been reported in the English litera- 
ture [25]. Although a clinical description was 
noted by Nelson [26] in 1932, and the main path- 
ological features were reported by Overstreet 
[28] in 1939, the surgical resection for this condi- 
tion was reported by Gross and Lewis [13] in 
1945 as a “defect of the anterior mediastinum.” 


Pathogenesis 

The etiology of lobar emphysema has not been 
definitely established because numerous factors 
and mechanisms may result in a condition that 
Mary Ellen Avery has termed a “symptom com- 
plex” [1]. At birth, abnormalities of the pulmo- 
nary artery, bronchial airways or peripheral al- 
veoli may result in radiological translucency 
suggestive of emphysema. The absence of the 
pulmonary artery leads to hyperlucency, but the 
lung is contracted rather than overexpanded. 
Single or multiple stenotic areas of the pulmo- 
nary artery produce decreased blood flow and 
diminished lung size but no increase in radiolu- 
cency. Bronchial obstruction by mucus plugs or 
secretions may result in emphysema, but it is 
usually multiple or diffuse rather than lobar in 
distribution. Bronchial stenosis and mucosal 
valves are rarely the cause of lobar emphysema, 
but congenital deficiency of the bronchial carti- 
lage has been cited as the cause in more than half 
of the reported cases. Kruse and Lynn [17] be- 
lieve cartilaginous deformation is immature tis- 
sue occurring normally in infants and should not 
be considered a causal factor. Henderson and 
associates [14] and Hislop and Reid [15, 16] re- 
cently described a disease entity of alveolar 
overgrowth or giant lobe, with or without em- 
physema, in which the airways and arteries are 
normal but the number of alveoli is increased 
and their size is normal or enlarged. Bolande 
and co-workers [4] found thickening of the al- 
veolar septa due to immature collagen deposi- 
tion and believed this “alveolar fibrosis” was 
responsible for the emphysema. In 7 of 26 pa- 
tients Leape and Longino [18] noted changes in 
the alveolar septa which they thought were due 
to infection. DeBord [8] questioned the ability of 
a major bronchial abnormality to produce em- 
physema in the presence of normal collateral 
ventilation, although our studies show imma- 


ture cartilage present in multiple segmental 
bronchi. It is obvious that multiple factors may 
be responsible for the development of lobar em- 
physema. 

Despite the presence of lobar emphysema in 
children older than 6 months, few patients be- 
yond that age are seriously ill or symptomatic 
[5]. A soft anterior chest wall and voluminous 
anterior mediastinum are found in the new- 
born, but in the latter part of the first year the 
thoracic wall becomes relatively firm and the 
mediastinum diminishes in size. In almost all 
cases of infantile lobar emphysema, there is ex- 
pansion of the anterior segment of an upper or 
middle lobe. In 3 of our 6 patients the anterior 
segment was markedly overexpanded despite 
the presence of abnormal or defective bronchial 
cartilages in all upper lobe segments. It is possi- 
ble that acute emphysema may be related to 
anatomical faults, but the operative mechanism 
is probably a functional derangement of ventila- 
tion. 

Recent physiological studies by Bates [2, 3] 
and West [32] suggest a mechanism that may 
produce upper lobe overdistention in patients 
of all age groups. The lung ventilating in a closed 
chest within a gravitational field has the same 
elastic recoil throughout, but there is increased 
positive intrapleural pressure at the base and a 
more negative pressure at the apex. In the 
supine position the anterior or ventral portion of 
the lung is better ventilated than the dorsal 
areas. Since the infant has a soft anterior chest 
wall and a spacious anterior mediastinum, in- 
creased ventilation will allow the expansion of 
the anterior segment forward and across the 
midline. This overexpansion may be due to local 
bronchial obstruction by deficient bronchial car- 
tilages (Patient 2) or decreased compliance in 
other parts of the lung (Patient 1). Martin and 
colleagues [20] found that lobar volume and ven- 
tilation depend upon lung elasticity and the 
ability of the chest cage to change in shape or 
volume. The combination of either bronchial 
deformity or alveolar abnormalities, or both, to- 
gether with a pliable chest wall may lead to 
changes in the ratio of ventilation to volume and 
consequent localized overdistention of the lung. 
Shannon [30] examined blood gases and re- 
gional lung function (xenon 133 IV bolus) at rest 
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and after crying in 12 infants, 1 to 42 days old, 
and having moderate to severe respiratory dis- 
tress associated with lobar emphysema. Ventila- 
tion (V) and perfusion (Q) were diminished in 
the affected areas, and during crying ventilation 
ceased with no change in blood flow. V/Q im- 
balance in other parts of the lung suggests 
generalized lung disease. V/Q values returned to 
normal in 3 days to 6 months. 

Lobar emphysema could be called an anterior 
segmental syndrome in which increased com- 
pliance in the upper lobe and diminished com- 
pliance at the base result in overaeration of the 
anterior segment with elevation of the anterior 
chest wall, herniation across the midline by the 
segment, and compression of the contralateral 
upper lobe. 

Respiratory distress is due not only to the 
increased intrathoracic pressure with possible 
diminished pulmonary venous blood flow but 
also to imbalance of the V/Q ratio in the em- 
physematous area with consequent arteriove- 
nous shunting and hypoxia. The reversibility of 
this process depends on the ability of the resi- 
lient lung to restore normal aerodynamics and 
VIQ relationships within the thoracic cage. The 
removal of secretions, the decrease in bron- 
chospasm by appropriate drugs, and chest 
physiotherapy should increase compliance and 
help restore a more normal ventilatory-volume 
ratio. The change in body posture from prone to 
supine, from flat to Trendelenburg, theoretically 
may reverse the pleural pressure differential be- 
tween apex and base and further alleviate the 
volume-pressure imbalance. Modification of 
compliance and gravitational factors will not 
correct any underlying congenital deficiency, 
but it may reverse the acute functional em- 
physema. 


Pathology 


When the chest is opened, the overdistended 
lobe is pink and spongy and looks like a “pink 
soufflé” as it balloons out of the wound. Despite 
atmospheric pressure, the lobe or segment does 
not deflate nor does it collapse after the bron- 
chus is divided. Microscopical examination re- 
veals overdistention of alveoli with fragmenta- 
tion and rupture of alveolar walls. Examination 
of the five resected specimens showed intrinsic 


bronchial deformity in three. Deficient and de- 
formed cartilage was found in more than one 
segment of the lobe, although the lingula was 
not affected in any case. Mucosal valves, 
thickening of the alveolar stroma, and bronchial 
stenosis were not seen. There were no signs of 
inflammatory reaction at the alveoli or terminal 
bronchioles despite the presence of staphylo- 
cocci in the bronchial secretions (Patient 2). 


Clinical Features 
Lobar emphysema is primarily a disease of the 
newborn, and approximately 50% of all reported 
cases have occurred within the first four weeks 
of life. Acute distress may develop the first day 
of life; there may be mild symptoms, then an 
asymptomatic interval followed by severe dis- 
tress. Occasionally no symptoms are present 
until a mild respiratory infection precipitates 
the acute illness. In the neonate, lobar em- 
physema may be asymptomatic and rapidly re- 
versible. Respiratory distress may be due to 
bronchial obstruction by secretions, congenital 
bronchial cartilage malformation, alveolar ab- 
normalities, or extrinsic bronchial pressure (see 
the Table). Regardless of the cause, tension 
within the thoracic cage may lead to tachypnea, 
tachycardia, cyanosis, or even death unless the 
lobar overdistention is relieved. The obstruction 
may be reversible or organic. Sometimes bron- 
chial secretions, together with organic bronchial 
wall deformity, may lead to irreversible em- 
physema. In Patient 1 the upper lobe em- 
physema together with bilateral diffuse hyper- 
aeration was thought to be due to inflammatory 
bronchiolitis. Following antibiotic therapy, the 
patient was relieved and the emphysema disap- 
peared. It is evident that in some cases both 
infection and bronchial cartilage abnormality 
may be present (typified in Patient 2). Em- 
physema of the lower lobes rarely results in 
either mediastinal herniation or marked clinical 
symptoms. When the anterior segment of an 
upper lobe or middle lobe becomes emphyse- 
matous, it finds access anteriorly and across the 
midline with consequent respiratory distress; 
but the overdistention in Patient 3 was 
asymptomatic as well as reversible. 

The bronchogenic cyst is the most frequent 
lesion producing extrinsic obstruction of the 
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bronchus. There is usually a period after birth 
that is free of symptoms, with acute distress 
following compression of a main bronchus. The 
lungs become emphysematous or atelectatic, 
and occasionally, as in Patient 4, partial obstruc- 
tion of the right, and later the left, main bron- 
chus mey develop. Roentgenograms may reveal 
not only emphysema and atelectasis but also 
mediastinal shift as well as anterior mediastinal 
herniation. Bronchoscopy may be necessary to 
rule out intraluminal mucus plugs and should 
reveal the presence of extrinsic compression. 
The esophagogram will show the indentation of 
the esophagus by the mass lying between it and 
the bronchus. Bronchogenic cysts, in contrast to 
tracheal cysts and tracheoesophageal vascular 
rings, do not result in either esophageal obstruc- 
tion or difficulty in feeding. The rare obstruction 
of the right main bronchus by an anomalous left 
pulmonary artery that crosses the bronchus to 
continue behind the trachea and in front of the 
esophagus will produce right pulmonary em- 
physema and anterior compression of the 
esophagus. Compression of the main left bron- 
chus by a patent ductus was noted in Patient 6. 
The absence of symptoms during the first 
months of life may be due to elasticity of the 
ductal wall, with shortening of the vessel by 
fibrosis and compression of the bronchus de- 
veloping later. In Patient 6 the bronchial defor- 
mity and obstruction persisted after the vessel 
was resected. Six months later, with growth and 
rigidity of the bronchus, no further distortion of 
the bronchus was present, and symptoms were 
relieved. 


Diagnosis 

In children. with acute emphysema during their 
first months of life, the clinical and radiological 
aspects are typical and few diagnostic studies 
are necessary. In a life-threatening situation, 
congenital heart disease, congenital diaphrag- 
matic hernia, and lobar emphysema may arise 
with the same clinical picture. With a preceding 
history of vigorous resuscitative measures, in- 
fection, or pneumothorax, the possibility of 
mucus or purulent plugs must be considered 
and treatment with tracheal aspiration, antibio- 
tics, and occasionally bronchoscopy must be 


undertaken. Endoscopy is not innocuous, but 
the hazards may be minimized by careful, pre- 
cise performance. With supplemental oxygen 
ventilation, the bronchial tree can be examined 
quickly and the diagnosis resolved. In the infant 
with recurrent symptoms and evanescent sites 
of emphysema, the esophagogram is invaluable. 
Vascular rings, anomalous vessels about the 
bronchi, bronchogenic cysts, and diaphragma- 
tic defects are well defined by the esophago- 
gram. Bronchography is of limited value since 
careful examination is impossible and the in- 
volved bronchi are rarely opacified. Tomog- 
raphy [23] and angiography [31] may be useful 
when the diagnosis is questionable. Lung scan- 
ning [21] rarely gives sufficient information to 
warrant routine use for diagnosis, although in 
the rare case, when the overdistended em- 
physematous lobe is seen as a hazy rather thana 
hyperlucent area, Franken and Buehl [12] 
showed the procedure to be of value. Lung scan 
and blood gas analyses can be used to follow 
trends of physiological imbalance [30]. A few 
conditions other than reversible emphysema 
are important in differential diagnosis. Lobar 
atelectasis, agenesis, and hypoplasia of the 
upper lung will produce mediastinal shift to- 
ward the affected side. With pneumothorax 
there is absence of vascular markings and sym- 
metrical collapse of the lung. In congenital dia- 
phragmatic hernia the hemithorax is filled with 
loops of bowel, and the esophagogram will con- 
firm the dislocated peritoneal contents. Congen- 
ital adenomatoid malformation of the lungs may 
produce mediastinal shift, anterior herniation, 
and respiratory distress, but the chest roentgen- 
ogram will show a hazy outline with small cystic 
areas throughout [24]. This condition is usually 
found in the lower lobe and may require differ- 
entiation from diaphragmatic hernia by esoph- 


agography. 


Treatment 

Lobar emphysema should be considered poten- 
tially reversible when the condition is preceded 
by pneumothorax, respiratory infection, or 
vigorous resuscitation measures, or if roent- 
genographic findings reveal lower lobe or bi- 
lateral hyperaeration. Under these conditions, 
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further diagnostic tests as well as medical treat- 
ment should be pursued. i 

The treatment of acute, severely symptomatic 
lobar emphysema, barring previous pneu- 
mothorax, respiratory infection, or vigorous 
resuscitation, is immediate operation. Con- 
servative nonoperative treatment of severe cases 
results in 50% mortality [25]. Multiple lobe in- 
volvement, most frequently associated with 
congenital heart lesions, may be due to diffuse 
alveolar abnormalities and carries a grave prog- 
nosis despite medical and surgical therapy. 
Congenital heart disorders are associated with 
approximately 14% of lobar emphysema [19]. In 
the surgical repair of a cardiac lesion with 
coexistent lobar emphysema, consideration 
should be given to the question of resecting the 
emphysematous lobe, because emergency oper- 
ation may be necessary at a later date. Resection 
of the subacute emphysematous lobe may be 
indicated because of repeated infections, with 
fibrosis of the contiguous compressed lobes. 

In recurrent or chronic emphysema, diligent 
search for the causal agent should include an 
esophagogram. In a series of infants with respi- 
ratory distress due to bronchogenic cysts, 6 chil- 
dren who were not operated on died [4]. Of the 
remaining 14 who had resection, 13 were cured 
and 1 died. Bronchial and tracheal deformity 
following a vascular lesion may leave residual 
compression, which gradually becomes unim- 
portant as the lumen increases and the bronchial 
cartilage stiffens. Residual disease may, how- 
ever, be left which produces persistent, though 
mild respiratory complaints [10]. In a 5- to 14- 
year follow-up of 6 patients who had had resec- 
tion of infantile emphysematous lobe, DeMuth 
and Sloan [9] reported that all 6 patients had 
developed normally and were “free of excessive 
lung infection.” However, pulmonary function 
tests showed overdistention of the remaining 
lobes, which might have been due to residual 
obstructive disease. 

The infant with asymptomatic lobar em- 
physema requires no treatment because the 
overexpansion is probably due to mucus plugs. 

In the infant with reversible symptoms a 
therapeutic decision may be difficult, but signs 
of obstructive emphysema in lower lobes, pre- 


vious trauma, or pneumothorax should suggest 
further study, including bronchoscopy. Chest 
physiotherapy may be of value. Intermittent 
positive-pressure breathing may be hazardous 
and may lead to further imbalance of the 
ventilation-volume and ventilation-perfusion 
ratios. In view of the theoretical possibilities 
that an apicomediastinal ventilation-volume 
mechanism may be responsible for the em- 
physema, the infant's position should be 
changed with respect to gravity by placing him 
in the Trendelenburg position. Lung aspiration 
to decompress the emphysematous lobe is 
dangerous because tension pneumothorax may 
result; moreover, itis a futile gesture. Lung aspi- 
ration has been responsible for at least 4 deaths 
[5]. 

The resection of an irreversible emphysema- 
tous lobe is performed under general endo- 
tracheal gas anesthesia through a standard pos- 
terolateral thoracotomy without resection of a 
rib. The induction period should be smooth and 
uncomplicated by cough in order to prevent ex- 
cessive intrabronchial pressures prior to re- 
moval of the overdistended lobe. The em- 
physematous lobe is found to occupy the greater 
part of the hemithorax, but after it is dislocated 
outside the pleural space, the lower lobe will 
expand without difficulty. Despite the evident 
emphysema of a single segment, the entire lobe 
should be removed, since pathological examina- 
tion shows multiple bronchial and alveolar mal- 
formations in all segments of the lobe. In extrin- 
sic obstructions, care should be taken to explore 
the possibilities of multiple lesions, other than 
the obvious mass or vessel, which may be re- 
sponsible for the emphysema. Following re- 
moval of the lobe, the pleural space is drained 
and the remaining lung expands without diffi- 
culty. 

Mortality following operation is negligible ex- 
cept in.those cases associated with severe con- 
genital heart disease or in diffuse alveolar mal- 
formation involving the entire lung or bilateral 
involvement. 
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CORRESPONDENCE 


Extracorporeal Pump Filter 
To the Editor: 


In reference to “The extracorporeal pump filter—saint 
or sinner?,” by Heimbecker and colleagues (Ann 
Thorac Surg 21:55, 1976), I wish to relate an interest- 
ing observation made in our cardiopulmonary bypass 
circuit. We use a Rygg-Kyvsgaard (Polystan) bubble 
oxygenator for our perfusion and incorporate a 
Bentley PF427 blood filter in the cardiotomy line. We 
use part blood and part Ringer's lactate (approxi- 
mately 1:1) to prime the circuit. Because the manufac- 
turer of the disposable bubble oxygenator recom- 
mends that the oxygen flow to the oxygenator should 
start before any fluid is introduced into it, and should 
continue uninterrupted until the end, it is cur practice 
to add the Ringer’s lactate part of the prime for the 
initial cross circulation first and to add blood only at 
the last moment, just before the start of bypass. Our 
intent is to reduce hemolysis of the blood prime 
while awaiting the onset of bypass. However, in fol- 
lowing this procedure we have noticed that several 
gas microbubbles collect in the pump and the arterial 
lines beyond the oxygenator. No amount of cross cir- 
culation will eliminate these bubbles. But soon after 
the blood is added to the prime and cross circulation is 
repeated, all the gas bubbles are dissolved, presum- 
bly due to the great affinity of the oxygen bubbles for 
hemoglobin in the blood. This being so, I would be 
intrigued to know how people who do not use blood 
in the prime for a disposable bubble oxygenator avoid 
introducing large numbers of gas microemboli into 
the patient at the onset of perfusion, if they do not use 
a filter in the arterial line. In this connection, the 
article by Loop and associates “Events related to mi- 
croembolism during extracorporeal perfusion in man: 
effectiveness of in-line filtration recorded by ul- 
trasound” (Ann Thorac Surg 21:412, 1976) is relevant. 


C. P. Nandakumaran, M.B., M.Ch. 


Sree Chitra Tirunal Medical Center 
Trivandrum—695011, Kerala State, India 


Informed Consent 


To the Editor: 


The paper entitled “Informed consent: recall by pa- 
tients tested postoperatively” by Robinson and 
Merav (Ann Thorac Surg 22:209, 1976) is most in- 
teresting. The paper graphically demonstrates what 
has been known for many years: information received 
in audible form alone has a low retention rate. This 
paper would seem to demonstrate that “informed 
consent. . . given in a simple, direct, and uncompli- 
cated manner in the form of a dialog between the 
patient and the surgeon” is an ineffective form of 


communication. The question then arises: If most 
patients could not recall said information a short time 
later, were they actually adequately informed? The 
authors conclude that “it is essential to document in 
some way the details of informed consent so that it 
becomes a permanent part of the clinical record, since 
memory of the event is unreliable.” This is a valid 
conclusion drawn from the data presented, but more 
importantly, these data indicate the need for more 
effective means of communication. The use of visual 
aids has, in many instances, markedly improved re- 
tention rate, and perhaps they should be used more 
often for this purpose. 


Kenneth L. Kayser, P.E. 


3112 W Highland Blod 
Milwaukee, WI 53208 


Endocardial Viability Ratio 


To the Editor: 


Dr. Mundth’s reference to the endocardial viability 
ratio (EVR) (Ann Thorac Surg 22:603, 1976), as “de- 
scribed by Buckberg and associates” is incorrect. 

Doctor Buckberg’s initial work defining subendo- 
cardial ischemia as related to the supply/demand ra- 
tio (DPTI/TTI) was described in Circulation Research 
in 1972. Subsequently, the “Buckberg formula” was 
utilized in the study of various clinical and laboratory 
situations that led to subendocardial ischemia, and 
the value of the ratio was established as an indicator of 
transmyocardial and subendocardial blood flow. 
However, the term EVR and the clinical application of 
the endocardial viability ratio as an on-line monitor- 
ing modality during and after open-heart operation 
were first described by Philips at the Coronary Artery 
Symposium in Houston in early 1974 and appear in 
Coronary Artery Medicine and Surgery: Concepts and 
Controversies, edited by Dr. John Norman. Further 
use of EVR culminated in a report entitled “A clinical 
method for detecting subendocardial ischemia after 
cardiopulmonary bypass,” presented at the annual 
meeting of the American Association for Thoracic 
Surgery in Las Vegas in 1974. This paper reported the 
first large series of clinical cases in which EVR was 
used on a beat-by-beat basis, illustrating its practical- 
ity as an on-line monitoring instrument. 

We anticipate further experience with EVR in the 
preoperative as well as postoperative period, and look 
forward to reporting these findings in the near future. 


Peter A. Philips, M.D. 


The Western Montana Clinic 
501 W Broadway 
Missoula, MT 59807 
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Biopsy for Acute Pulmonary Disease 


To the Editor: 


Nelems and co-workers [3] provide needed data on 
the impertance of tissue diagnosis in acute, cata- 
strophic pulmonary disease. Their record of making a 
definitive diagnosis is commendable. However, we 
physicians too often point to our diagnostic abilities 
at the expense of a proper analysis of how patients 
actually benefit from a procedure. I believe the latter 
form of analysis might lead to the conclusion that no 
more than 5 of their 28 patients were helped by lung 
biopsy. Furthermore, 3 of the 5 who benefited from 
tissue diagnosis could probably have been diagnosed 
by simpler procedures with lower morbidity. 

Of the 28 patients, 16 died, thus receiving no ben- 
efit from the diagnostic procedure. Of 12 survivors, 5 
had viral pneumonia, for which there is no specific 
treatment. One survivor had Klebsiella pneumonia, a 
disease tk.at can usually be diagnosed by culturing 
sputum. Another survivor was found to have tuber- 
culosis, which had been diagnosed preoperatively. 
This patient not only had no benefit from biopsy, but 
suffered a prolonged air leak postoperatively. Two 
survivors had fungal diseases, blastomycosis and his- 
toplasmosis, which could have been diagnosed with 
transbronchial biopsies through the fiberoptic bron- 
choscope [1, 2, 4], though no study has yet defined 
what yield one might expect from this technique. The 
same could be said for the survivor with eosinophilic 
pneumonia. 

The data presented suggest that the 2 survivors 
with Hodgkin’s disease and “collagenosis pneumo- 
nia” may well have benefited from the open lung 
biopsy, although few details are provided. 

Despite the critical tone of this letter, I do not wish 
to belittle unduly the authors’ conclusion that open 
lung biopsy was beneficial and appropriate for their 


specific patients. Rather, I wish to emphasize that we 
all must more forcefully assume the patients 
viewpoint in interpreting what we do, rather than 
using the viewpoint of the pathologist. 

I hope that groups such as Nelems and associates, 
with high volume and great surgical skill, will do 
controlled studies comparing transbronchial biopsies 
and open lung biopsies in the same patient done at 
the same time. The former procedure can be done in 
ten minutes in the anesthetized patient with a mor- 
bidity less than that resulting from the general anes- 
thetic [1]. The results would then be evaluated in 
terms not of how many pneumocystic infections were 
diagnosed, but of how many patients had any diag- 
nosis made by one technique but not the other and 
survived as a result of treatment that would not 
otherwise have been given. 


Y. Aelony, M.D. 

Division of Pulmonary Disease - 
Southern California Permanente Medical Group 
1050 W Pacific Coast Hwy 

Harbor City, CA 90710 
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REVIEW OF RECENT BOOKS 


Clinical Evaluation of the Critically Injured 
By E. Truman Mays, M.D. 

Charles C Thomas, Springfield, IL, 1975 

450 pp, illustrated, $29.50 


Reviewed by Kenneth L. Mattox, M.D. 


This book is destined to become a classic text and 
reference for medical students, house staff, 
traumatologists, and emergency physicians. It is 
specifically directed to the evaluative processes and 
techniques needed in selecting among alternative 
forms of therapy. The fifteen chapters may be 
grouped into three sections: 


1. An overview of wounding forces, pkysiology of 
injury, and multisystem injury 
2. Evaluation process of system areas (chest, ab- 


domen, neurological, urological, musculo- 
skeletal, facial, and skin) 
3. Assessment through operation, sequential 


monitoring, and angiography 


A special chapter on psychological assessment and 
appendices on emergency medical technicians and 
emergency medical training programs are also appro- 
priate. 

In relation to the patient with cardiothoracic and 
vascular trauma, this book has a number of assets. A 
comprehensive work by a single author reflects a 
breadth of experience and coordinated evaluative 
techniques. The book repeatedly emphasizes the 
need for a team captain to coordinate, evaluate, and 
treat the entire patient. 

The approach to the patient with thoracic injury in 
Chapter 5 is, in general, well covered. Chapter 12 
correctly decries thoracotomy for evaluation as a 
routine method. Chapter 13 provides an excellent 
summary of sequential monitoring techniques and 
points out some commonly encountered problems. 
Chapter 14, on evaluation by arteriorrhaphy, only 
briefly discusses cardiothoracic angiography. 

There are likewise a number of deficiencies to this 
volume. Although it is well referenced, the bibliog- 
raphy contains many entries that are not current and 
in areas of clear controversy does not include articles 
of opposing view. The attempts at an abbreviated 
index scale in Chapter 4 and the comprehensive index 
scale in Appendix C are both somewhat bulky for 
most busy trauma centers. The indications for 
thoracotomy in Chapter 5 are incomplete, for not in- 
cluded are massive air leak, mediastinal traverse, and 
radiographic evidence of esophageal or vessel injury 
(although such are implied at other locations in the 
text). 

The proposed use of external cardiopulmonary re- 
suscitation in the patient with cardiac arrest and mul- 
tiple injuries is considered by some traumatologists to 
be contraindicated. Such external maneuvers further 
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compromise potentially reversible conditions. Fi- 
nally, the repeated use of two nude women as model: 
becomes distracting, especially when the bare breast: 
are not necessary to demonstrate a point. 

Overall, this is a long-awaited compendium to the 
growing number of books in the trauma field. It wil 
be especially useful to the medical student, the 
emergency physician, the traumatologist, and the 
general surgeon, and it should be included in the 
library of every emergency room. 


Houston, TX 


Surgical Treatment of Congenital Heart Disease 
(2nd ed) 

By Grady L. Hallman, M.D., and Denton A. Cooley 
M.D. 

Lea & Febiger, Philadelphia, 1975 

204 pp, illustrated, $18.50 


Reviewed by James W. Kilman, M.D. 


This enlarged edition of the classic manual for surgica 
management of congenital heart disease has the sam: 
format as the first edition but has been expanded t 
include operations for some of the rare surgical prob 
lems encountered by the pediatric cardiac surgeon. 

The main emphasis in this text is on technica 
operative management of congenital heart problems 
The drawings of the procedures are excellent, and th 
descriptions are clear enough for even the neophyte ti 
understand. Each of the eleven chapters has a brie 
introduction consisting of the anatomy, pertinent his 
tory and physical examination, embryology, diagnos 
tic findings, and indications for operation. Signifi 
cant hemodynamic information for the more comple: 
lesions is not given and the references are somewha 
outdated, though all the important historical refer 
ences seem to be present. The book is well organizec 
and easy to use. 

The modern techniques for infant cardiopulmonary 
bypass management, including profound hypother 
mia, are not discussed, and the section on principle: 
and techniques of bypass management could havı 
been expanded. 

This book will continue to function as the Bible fo: 
resident trainees in congenital cardiac surgery. It is í 
valuable guide for pediatricians, cardiologists, medi: 
cal students, nurses, and technicians. Pediatric car 
diovascular surgeons should find this manual in 
teresting and worthwhile to review because of the 
excellent illustrations and demonstrations of opera: 
tive techniques that have been used on a large 
number of children. 


Columbus, OH 
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Congenital Malformations of the Heart 

Edited by D. A. Goor, M.D., and C. W. Lillehei, M.D., 
Ph.D. 

Grune & Stratton, New York, 1975 

432 pp, illustrated, $32.50 


Reviewed by Anthony R. C. Dobell, M.D. 


The subtitle of this excellent book reads Embryol- 
ogy, Anatomy and Operative Considerations,” and I 
believe this is the first such book written by surgeons 
for surgeons. Its strength is in the description of nor- 
mal and abnormal embryology and anatomy and in 
the concepts advanced as a result of prolonged study 
of anatomical specimens. Thus readers will acquire.a 
refreshing new view of atrioventricular canal malfor; 
mations, a view that is soundly based on pathological 
studies and that improves our understanding of the 
lesion and its operative treatment. Other strong sec- 
tions describe the developmental anatomy of the ven- 
tricular septum and the embryology of the conotrun- 
cus. 

The bock was written to illustrate the authors’ 
viewpoint, and the references are to a large extent 
from the University of Minnesota. I point this out not 
as acriticism but because I find it much easier to read 
a book with a point of view rather than an ency- 
clopedic review. 

The book is weak in the entire area of neonatal 
surgery. Nevertheless, I recommend it strongly to all 
surgeons treating children with congenital heart dis- 
ease. The first prerequisite for us all is to understand 
the lesion in any individual patient, and this book is 
of great value in this regard. 


Montreal, Que, Canada 


Gibbon’s Surgery of the Chest (3rd ed) , 
Edited by D. L. Sabiston, Jr., M.D., and Frank C. 
Spencer, M.D. 

W. B. Saunders Company, Philadelphia, 1976 

1,592 pp, ikustrated, $30.00 


Reviewed by Harris B Shumacker, M.D. 


The third edition of this important text is as complete 
and up-to-date as it could possibly be. Its freshness 
and fullness are indicated by the list of contributors. 
Forty-eight authors wrote chapters in the smaller sec- 
ond edition, and 31 of them are participants in the 
present volume. They have been joined by 66 addi- 
` tional knowledgeable workers, and all have done a 
first-rate job. This has permitted the editors to add 
important subjects of interest that were not coveredin 
the previous editions. Included are both controversial 


and firmly established aspects of cardiovascular and 
thoracic surgery. It is natural that a book dealing with 
an evolving, changing, growing field such as this one 
contains statements, opinions, and recommendations 
with which not all well-informed readers will be in 
complete agreement, as well as a few statements that 
readers will judge to be erroneous on the basis of 
available objective data. Undoubtedly the next edi- 
tion will reveal new developments and some differing 
attitudes. In general, this book is as informative and 
unbiased as is possible. Over 1,500 pages long, nicely 
printed and well illustrated, it touches upon almost 
every conceivable aspect of thoracic and cardiovascu- 
lar surgery. 

This superb work should prove to be of immense 
value to students, residents, practitioners, and 
teachers. Indeed, it is difficult to see how anyone 
interested in this surgical specialty could be without 
it. 

It is most appropriate that this volume is dedicated 
to John Gibbon’s devoted wife and scientific col- 
laborator, Mary, who is loved and respected by all 
who have known her and her husband, a pioneer 
thoracic surgeon, teacher, and investigator. 


Indianapolis, IN 


Heart and Coronary Arteries 

Edited by Wallace A. McAlpine, M.D. 
New York; Springer-Verlag, 1975 

244 pp, illustrated, $86.00 


Reviewed by Hassan Najafi, M.D. 


The significance of understanding gross anatomy in 
the proper application of surgical techniques cannot 
be overemphasized. This principle takes on a vast 
dimension in the surgical treatment of heart disease, 
particularly in operations involving cardiac valves 
and coronary arteries. . 

The elegant anatomical illustrations presented in 
this volume are combined with superb descriptive 
detail, culminating more than fifteen years of dedi- 
cated, imaginative, and precise investigation. The 
atlas is based on information derived in a unique and 
innovative manner, utilizing more than 1,000 human 
and 300 animal hearts, and is complemented by mag- 
nificent correlative color drawings for easy com- 
prehension. The unquestionable intense dedication 
of the author and his ability to take advantage of 
recent spectacular advances in photographic tech- 
niques have led to the creation of a masterpiece—a 
priceless addition to any library. 


Chicago, IL 
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Medical School, Boston, and Charles R. 
Tucker, M.D., The University of Rochester 
School of Medicine and Dentistry, 
Rochester, New York 


This comprehensive, lucidly written 

, introduction to pediatric 
echocardiography is an invaluable 
reference for all cardiovascular surgeons 
who treat pediatric patients. In it, the 
authors clearly describe the techniques 
required to make specific diagnoses 
and the clinical situations in which 
echocardiography can be used. 
Equally important, they explain how | 
to judge the reliability of 
echocardiographic findings in light 
of possible artifact or normal 
anatomic variation. 
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CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7173 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 


Cardiothoracic surgeon, 32, university-trained with experi- 
ence in adult and pediatric cardiac and general thoracic 
surgery, would like tojoin another cardiothoracic surgeon or 
group. Available January, 1978. 


-Please respend to W-50, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 32, completing resi- 
dency June, 1977, at large university center, desires position 
in thoracic and cardiovascular surgery. Will consider all geo- 
graphical locations. Board certified in general surgery. 


Please respond to F. J. Negri, M.D., 517 Beacon Hill #1, Troy, 
MI 48084. 


Cardiovascular and thoracic surgeon, 35, ABTS certified, 
seeks group practice in Southeast or Southwest, with strong 
adult cardiac surgery service. Completing military obliga- 
tion in September, 1977. 


Please respond to Cdr T. A. Clark, Department of Car- 
diothoracic Surgery, Naval Regional Medical Center, San 
Diego, CA 92134. 


Established, university-trained thoracic and cardiovascular 
surgeon with full credentials seeks to relocate from large 
midwestern city to Southern states. 


Please respond to W-53, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





University-trained thoracic and cardiovascular surgeon 
seeks academic position or association in a group, preferably 
with opportunity for research. 


Please respond to W-54, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 33, married, well- 
trained in all phases of thoracic and cardiac surgery, seeks 
academic and/or group association/partnership. Available 
June, 1977. No area preference. Also speaks French. Cur- 
riculum vitae on request. 


Please respond to Albert F. Olivier, M.D., 20137 Stratford 
Road, Detroit, MI 48221. Tel: (313) 342-2344. 


SITUATIONS AVAILABLE 


Surgeon wanted to direct and develop new programs in 
cardiac surgery at Baystate Medical Center. Must be board 
certified or eligible, preferably with established record in 
clinical surgery. Major health care institution for western 
Massachusetts, associated with Tufts University School of 
Medicine. 


Please send curriculum vitae to Paul Friedman, M.D., 
Chairman, Department of Surgery, Baystate Medical Center, 
759 Chestnut St, Springfield, MA 01107. 


Cardiovascular and thoracic surgery fellowship available 
beginning July 1, 1977, The University of Texas Medical 
Branch, Galveston. Research on myocardial electrophysiol- 
ogy, myocardial preservation for open-heart surgery, and 
longterm membrane oxygenator support for children. 


Please address replies to G. Frank O. Tyers, M.D., Division 
of Cardiothoracic Surgery, The University of Texas Medical 
Branch, Galveston, TX 77550. 





Cardiac and cardiovascular surgeon to establish new prac- 
tice in cardiac surgery in large community hospital with 
university affiliation. Applicants should be well-qualified 
and show evidence of experience in all facets of cardiac 


surgery. 
Send curriculum vitae to William F. Morrissey, M.D., The 


Fairfax Hospital, 3300 Gallows Road, Falls Church, 
VA 22046. 








Well-trained cardiovascular surgeon, recently completing 
training program, wanted to join group in central Florida 
city. Available immediately. 


Please respond to A-26, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Excellent opportunity for thoracic-cardiovascular surgeon 
completing residency. No open-heart surgery, busy group 
practice, Long Island, New York area. Board eligibility re- 
quired. 


Please respond to A-27, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, Board certified or 
Board eligible, wanted to join a partnership of thoracic and 
general surgeons in a suburban Philadelphia university- 
affiliated community hospital. 


Please respond to A-28, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Board-certified or Board-eligible thoracic surgeon wanted 
to join two others in multi-hospital practice in Southeast. 
Practice currently limited to thoracic and cardiovascular 
surgery with large volume of pulmonary and peripheral vas- 
cular surgery. 


Please respond to A-31, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, who has completed 
training requirements for ABTS exam, wanted to join two- 
man group in small southern city. Practice limited to thoracic 
and cardiovascular surgery. Affiliated with university resi- 
dency program. Plans underway for cardiac surgery facil- 
ities. 


Please send curriculum vitae to A-32, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, MI 48109. 





Board-eligible or certified cardiovascular/thoracic surgeon 
wanted for southern California group. Limited to adult car- 
diac, general thoracic, and major arterial vascular surgery. 
Unlimited potential for the right individual. 


Send curriculum vitae and references to A-33, The Annals of 
Thoracic Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 





Thoracic and cardiovascular surgeon wanted for private 
group practice. Experienced. 90% cardiac, teaching respon- 
sibility. 


Please respond to A-34, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic surgeon wanted. Full-time academic appointment 
for certified thoracic surgeon, primarily interested in pul- 
monary and esophageal problems. Rank and salary depen- 
dent upon qualifications and experience. 


Send curriculum vitae to Edward J. Hurley, M.D. Section of 
Thoracic Surgery, University of California School of 
Medicine, Davis-Sacramento Medical Center, 4301 X St, Sac- 
ramento CA 95817. 


Opening for Board certified or Board eligible thoracic and 
cardiovascular surgeon in Midwest. With thoracic and car- 
diovascular surgeon in solo private practice. Available im- 
mediately, association leading to partnership. 


Please send curriculum vitae to A-36, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, MI 48109. 
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MEDTRONIC ' 
IMPLANTABLE PULSE GENERATORS 


INTENDED USES 

Ventricular pacing using an implantable 
ventricular pulse generator is for long-term 
therapeutic control of heart rate in 
patients with impulse formation or 
conduction disorders leading to brady- 
arrhythmias, tachyarrhythmias and heart 
block (see product labeling for detailed 
list of intended uses). 


CONTRAINDICATIONS 

There are no known contraindications to 
the use of pacing as a therapeutic 
modality for the control of heart rate. The 
patient's age and medical condition, 
however, may dictate the particular 
pacing systems and implantation pro- 
cedure used by the physician. 


WARNINGS 

Diathermy should not be used on patients 
with pacemakers because of possible 
heat damage to electronic components. 
Electrosurgical units should never be used 
in the vicinity of unipolar pulse generators 
or bipolar pulse generators implanted in 
the unipolar mode because of danger of 
introducing fibrillatory currents into the 
heart via the implanted pulse generator, 
lead. Pulse generators may be damaged 
by defibrillatory discharges if the paddles 
are placed over the implanted pulse 
generator. 


PRECAUTIONS 

The physician should be aware that all 
pulse generators will ultimately cease to 
function, and may fail at any time due to 
random component or battery failures 
which cannot be predicted prior to fail- 
ure. Also, that the pacing system may 
cease to function at any time due to lead- 
related problems such as displacement, 
fracture, fibrotic tissue formation, and 
elevated thresholds, and that proper 
operation may be affected by electrical 
interference from equipment using elec- 
trical energy, or medical complications. 


SIDE EFFECTS 

Body rejection phenomena, including 
local tissue reaction, muscle and nerve 
stimulation, infection, erosion of pulse 
generator/lead through skin, transvenous 
lead-related thrombosis, embolism and 
cardiac tamponade. 


LA Mectronic 


Medtronic, Inc. 
3055 Old Highway Eight 
Minneapolis, MN 55418 


Constant Energy, a patented small size of the Xyrel pacemake 


p IO V A Medtronic feature, enables the Xyrel round shape, and sensing and E 
pacemaker to provide a relatively characteristics. 
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source voltage decreases. is. With Medtronic, you know that 
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LITHI U M BIPA D) pacing rate throughout the effective pacemaker. i 
fy service life of the pacemaker. Once 
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Shiley, an integral member 
of the open heart team. 


„krá 


he universal standard 
or valvular replacement. 


he Björk-Shiley cardiac valve prosthesis, now in 
s 9th year, is supported by a wealth of clinical 
idence that verifies the quality of its 
erformance. For an update on the experience 
ith over 125,000 mitral and aortic valves, 
lease contact your Shiley technical / 
ppresentative or call: 


bd Shiley Laboratories, Inc. 
: | eC 17600 Gillette Avenue 
Irvine, California 92714 


(714) 979-0500 





or excellence in 
cardiopulmonary perfusion. 


Shiley oxygenators are designed to accomplish physi- 
ologic gas transfer while maintaining an absolute 
minimum of blood and gas contact. Gas to blood flow 
ratios as low as 0.3:1 and consistently lower than 1:1 are 
obtained by employing a Tegraglas* Sparger and an open 
cell sponge in the gas transfer column, creating a range 
of bubble sizes for highly efficient gas transfer (A). 


The Shiley venous side heat exchanger minimizes 
release of gas emboli into the blood during rewarming 
procedures by accomplishing heat transfer prior to com- 
plete oxygen saturation. Shiley’s heat exchanger is the 
only integral unit available which employs a one piece 
aluminum coil with no water to blood seals. The coil is 
pressure tested to 120 PSI—a maximum water inlet 
pressure of 60 PSI is recommended (B). Other features 
fre Shiley S-100 design are the low priming volumes 
required, easy set up, and compact size. 


Shiley S-100 








pace Age Microbicidal Power 


For optimal preoperative skin degerming —BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis— BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray. ..both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by acast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE. 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY OF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION., 


Purdue Frederick 


OCOPYRIGHT 1974, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06856 
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RELIEVES 
BRONCHOSPASM 
WITH MINIMAL 
CARDIAC STIMULATION 


Too frequent use may cause tachycardia or palpitations as 


with other sympathomimetic amines. 
‘This drug has been evaluated as “probably” effective for this indication. 











Isoetharine, the bronchodilator used in Bronkosol," 
acts preferentially on the Betag adrenergic receptors 
which dilate and relax the bronchioles. It shows a 
lower order of affinity for the Beta, receptors which 
stimulate the heart. From Bronkosol, your patients 
get the potent sympathomimetic bronchodilating 
effect with a lower order of cardiac stimulation. Too 
frequent use may cause tachycardia or palpitations 
as with other sympathomimetic amines. 


Relative effects of commonly prescribed inhalant 
solutions on Adrenergic Receptors** 
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Drug and Produces Beta; and Relaxes 
Receptor Vasopressor Stimulates Bronchi and 
Selection Heart Arterioles 
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Epinephrine HH 
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**Ziment, l.: Resp. Therap. 4:51, May-June 1974. 


For use in Hand Nebulizer, IPPB, O2 nebulization in 
asthma, chronic bronchitis, emphysema’ 
(See Indications section) 


Method of Usual 
Administration Usual Dose Range Dilution 


4 3-7 
inhalations 


inhalations 
%-% ml 

























Hand Nebulizer Undiluted 


1:3 with 
saline or 
other diluent 


1:3 with 
saline or 
other diluent 


Oxygen 
Aerosolization*t 









IPPBtt 















+Administered with oxygen flow adjusted to 4 to 6 liters/minute over a period of 
15 to 20 minutes. May be administered simultaneously with other therapeutic 
agents such as antibiotics or wetting agents. 


++Usually an inspiratory flow rate of 15 liters/minute at a cycling pressure of 15 
cm H20 is recommended. It may be necessary, according to patient and type of 
IPPB apparatus, to adjust flow rate to 6 to 30 liters per minute, cycling pressure to 
10-15 cm H20, and further dilution according to needs of patient. 






New 30-ml 
Bronkosol 


New size brings added 
convenience and savings 
to long-term therapy 


Bronkosol’ 


Dilabron” (brand of isoetharine) HCI 1.0%; phenylephrine HCI 0.25%; in an aqueous- 
glycerin solution containing saccharin sodium with sodium chloride, sodium citrate, 
sodium bisulfite 0.3%, methylparaben 0.025%, and propylparaben 0.014% as 
preservatives. 


As originally marketed, Bronkosol contained thenyldiamine hydrochloride 
0.10%. The present formulation has been revised to delete that ingredient. 





* INDICATIONS: Based on a review of Bronkosol by the National 
Academy of Sciences-National Research Council and/or other infor- 
mation, FDA has classified'the indications as follows: 

“Probably” effective for the acute relief of bronchial asthma and 
other conditions in which bronchospasm is a complicating factor, such 
as chronic bronchitis or emphysema. Final classification of less-than- 
effective indications requires further investigation. 








CONTRAINDICATION: Hypersensitivity to any ingredient. 


WARNINGS: Excessive use of an adrenergic aerosol should be discourage) 
as it may lose effectiveness. Occasional patients have been reported to 
develop severe paradoxical airway resistance with repeated excessive use 4 
an aerosol adrenergic inhalation preparation. In such instances the use of 
the aerosol adrenergic should be discontinued immediately and alternative 
therapy instituted. Cardiac arrest has been noted in several instances. 

Should not be administered along with epinephrine or other sympa- 
thomimetic amines, since these drugs are direct cardiac stimulants and 
may couse excessive tachycardia. They may, however, be alternated if 
desired. 


USE IN PREGNANCY: Although there has been no evidence of terato- 
genic effects with these drugs, use of any drug in pregnancy, lactation, or ir 
women of childbearing potential requires that the potential benefit of the 
drug be weighed against its possible hazard to the mother or child. 


PRECAUTIONS: Dosage must be carefully adjusted in patients with 
hyperthyroidism, hypertension, acute coronary disease, cardiac asthma, 
limited cardiac reserve, and in individuals sensitive to sympathomimetic 
amines, since overdosage may result in tachycardia, palpitation, nausea, 
headache, or epinephrine-like side effects. 

ADVERSE EFFECTS: Although Bronkosol is relatively free of toxic side 
effects, too frequent use may cause tachycardia, palpitation, nausea, head- 
ache, changes in blood pressure, anxiety, tension, restlessness, insomnia, 
tremor, weakness, dizziness and excitement as is the case with other 
sympathomimetic amines. 


DOSAGE AND ADMINISTRATION: Oral inhalation. Can be administered 
by hand nebulizer, oxygen aerosolization, or intermittent positive pressure 
breathing (IPPB). Usually treatment need not be repeated more often thar 
every four hours, although in severe cases more frequent administration 
may be necessary. 

HOW SUPPLIED: Bronkosol* for inhalation —bottles of 10 ml. 

(Code No. 1711) —bottles of 30 ml. (Code No. 1712). 


HBREON | BREON LABORATORIES INC. 
90 Park Avenue, New York, N.Y. 1 
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Inhalant 
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Beta activity in 
‘emphysema, 
chronic bronchitis, 
asthma* 





Jnly CPI offers 
our warranty 
»ptions. 


A choice in lithium 
that lets you match 
sacemaker to patient 
condition...with 
confidence. 


all patient conditions were the same, you'd only 
ieed One pacemaker. An optimum situation but medi- 
ally unrealistic. The variety of patient needs demands 

variety of implant options. Size, price and warranty life 
ire all considerations when matching pacemaker 
2 patient. The most critical of these factors however, is 
varranty life. 

CPIl's limited warranties are based on clinical 
lataaccumulated since 1972 and theoretical calculated 
ongevity which has been determined for each unit. 

\S such, the warranties are statements of CPI's product 
‘onfidence and reliability. Confidence and reliability 
nat only lithium offers. 

The expanded line and warranties include: 
MAXILITH-10 * MINILITH-8 * MINILITH-5 * MINILITH-3. 
Jumerical designation indicates warranty life. 

P| pacemakers are available in asynchronous and 
lemand models. All units are offered in unipolar 
ind bipolar configurations. 

No other pacemaker company can offer you this 
ange of options in models and warranty life... 

ill in lithium. For your needs, and for your patients. 

Four warranty options. Only from CPI. 


® 
SARDIAC PACEMAKERS, INC. 
100 NORTH HAMLINE AVENUE 
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NCENTIV 
FEP BREATHING 


maximal inspiratory effort is the most 
ficacious maneuver available for 
‘eventing and reversing alveolar collapse: 
ith new TRIFLO II Incentive Deep-Breathing Exerciser, patient 
ogress is indicated in progressive increments of 300 cc/sec* 
cause Chamber indicators are color-graduated at approximate 
lumes of 600 cc/sect (light blue), 900 cc/sec* (medium 

Je) and 1200 cc/sect (dark blue). 

pre- and postoperative use provides physiologically correct 
ercise that encourages deep, prolonged, voluntary inspiration 


n* 





Indicates patient 
progress and 
helps prevent 
postoperative 
atelectasis 


Indicates 
approximate 
inspired volume 
in progressive 


increments of 
300 cc/sec 


pi ~ 4 


cc/sec** 





... promotes maximal alveolar inflation...helps restore and main- 
tain lung capacity...helps strengthen respiratory musculature. 
And itis still economically designed for single-patient use. Simple, 
compact, easy to assemble, easy to use... requires minimum 
instruction, minimum supervision...ideal in the hospital or 

at home. 


*Demers RR, Saklad M: Respiratory Care 21:234, 1976 
+Volume inspired/Time (sec.) 
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AVCO intra-aortic 

balloon pump... 
sophisticated simplicity 


with the exclusive AVCOTHANE® Tri-Segment'™ Balloon, the most 
widely used in the world, (over 11,000 cases). Advanced technology simpli- 
fies the use of IABP counter-pulsation—a major advance in cardiac instru- 
mentation.Redundant safety features provide for quiet trouble-free operation 
—with minimum attention and greater patient safety. 

Your request for demonstrations in clinical or experimental setting, are 
sincerely encouraged. 
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Only 


ETHIBOND 


POLYESTER SUTURE 
has polybutilate 


„fhe first coating designed for sureery 


All coated sutures available until now have been coated with 
commercial lubricants. ETHIBOND suture, a braided polyester, is 
coated with polybutilate, also a polyester but developed specifically 
for surgical use. 

Since polyester coating has a natural affinity for polyester 
braid, a strong cohesive attraction forms — and minimum polybutilate 
is required for maximum lubrication. Each suture is uniformly coated 
according to size, virtually eliminating any possibility of the lubricant’s 
flaking, shredding or beading. Thus, ETHIBOND suture exhibits less 
tissue reaction compared to sutures which tend to exfoliate their coating. 

With its minimum polybutilate coating, ETHIBOND suture 
has a soft, pliable hand — easy to tie and knot. It passes through tissue 
with an ease that can be compared to monofilament suture materials. It 
has high tensile strength, and retains its strength in vivo. 

ETHIBOND suture is available in a full range of sizes, in 
precut unthreaded sutures or swaged to Super-Smooth needles 
specifically designed for cardiovascular surgery. 

The cardiovascular surgeon who prefers braided sutures will 
find the smoothness, strength and minimal reactivity of ETHIBOND 
suture of value in valve replacements, graft-to-tissue anastomoses and 
revascularization procedures. 


FTHICON 








"Trademark (See next page for complete product information.) © ETHICON, INC. 1976 
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ETHIBOND* 


POLYESTER SUTURE 


NONABSORBABLE 
SURGICAL SUTURE, U.S.P. 


DESCRIPTION 

ETHIBOND suture is nonabsorbable, braided, polyester 
(polyethylene terephthalate or MERSILENE®* polyester) fiber 
uniformly coated with polybutilate, or poly [oxy-1, 
4-butanediyloxy (1,6-dioxo- 1 ,6-hexanediyl)|. The highly adher- 
ent coating is a biologically inert, nonabsorbable compound 
which acts as a lubricant to mechanically improve the physi- 
cal properties of the uncoated suture by improving ease of 
passage through tissues and by providing overall improved han- 
dling qualities as contrasted to the braided, uncoated fiber. 


ETHIBOND sutures are sterile, inert, and elicit minimal tissue 
reaction. They are braided for optimal handling properties, 
and for good visibility in the surgical field the dyed sutures are 
colored with D&C Green No. 6. 


ACTIONS 

ETHIBOND sutures are strong, nonabsorbable sutures: sub- 
cutaneous tissue implantation in rats shows that no signific- 
ant change in the retention of tensile strength of the suture 
occurs during the entire evaluation period of 180 days. Both 
the polyester fiber suture material and the polybutilate coating 
are pharmacologically inactive. 


INDICATIONS 
ETHIBOND suture is intended for use as a nonabsorbable 
suture. 


CONTRAINDICATIONS 


None 


WARNINGS 
ETHIBOND polyester sutures have not been evaluated in 
ophthalmic surgery. 


Do not resterilize. 
PRECAUTIONS 
As with all sutures, acceptable surgical practice must be fol- 


lowed with respect to drainage and closure of infected 
wounds. 


Knot security requires the standard surgical technique of flat 
and square ties, with additional throws if indicated by surgical 
circumstance and the experience of the operator. 

Two-year carcinogenicity studies in Long-Evans rats demon- 
strated no carcinogenic potential. 


ADVERSE REACTIONS 

Slight erythema and/or induration at suture sites have been 
reported in approximately 2% of the patients in whom 
ETHIBOND sutures have been used, a not unexpected reaction. 


DOSAGE AND ADMINISTRATION 


Use as required per operation. 


HOW SUPPLIED 

ETHIBOND sutures are available sterile as green braided and 
undyed (white) strands in sizes 5 to 7/0 in a variety of lengths, 
with and without needles, in one and three dozen units. 


*Trademark 
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CHARLES C THOMAS + PUBLISHER 


THE ADULT POSTOPERATIVE CHEST by Myron 
Melamed; Florencio A. Hipona, Harvard Medical School, 
Boston; Carlos J. Reynes, Loyola Univ., Maywood, Illinois; 
Walter L. Barker, Univ. of Illinois, Chicago; and Santiago 
Paredes, Boston Univ. School of Medicine, Boston. 
Foreword by Hiram T. Langston. This study of adult 
pulmonary and cardiovascular radiography after surgery 
systematically assesses the extraneous factors imposed upon 
x-ray film by the surgical act. The book offers an atlas 
against which problem pictures can be compared for quick 
identification. Clinical and physiologic considerations are 
also included to form an interdisciplinary, balanced ap- 
proach. The pulmonary section includes chapters on air- 
fluid in the pleural space, redistribution of the lobes, 
postoperative function and complications. The cardiovas- 
cular section covers the postsurgical status of congenital 
and acquired lesions. ’77, 396 pp., 578 il., 1 table, $31.50 


HIGH-RESOLUTION ELECTROCARDIOGRAPHY: A 
Superior Diagnostic Modality by Lawrence H. Krohn, Gen- 
eral Practice, Detroit. Significant advances in electrocardi- 
ography, achieved with noninvasive data acquisiton 
equipment and computer techniques, are clearly described 
in this text. Representing a dramatic advance over tradi- 
tional electrocardiography, the high-resolution method 
(HRE) gathers more heart information in the dimensions of 
both time and space. Concept validity, proven by years of 
clinical use, is further supported by an atlas of case studies. 
By accurately mapping myocardial activity throughout the 
heart cycle, the unique HRE record reveals pathology in 
case after case where parallel ECGs are either inconclusive 
or blithely signal normality. For reader background, some 
phenomena of physical fields are reviewed and HRE system 
hardware and software are described in detail. ’76, 304 pp. (6 
3/4 x 9 3/4), 377 il. (1 in color), $28.50 


INTRODUCTION TO ECHOCARDIOGRAPHY by Ian 
G. McDonald, Univ. of Melbourne, Melbourne, Australia. 
Foreword by Julius Comroe. Examination of the heart by 
ultrasound or echocardiography is an important nonin- 
vasive method in cardiology. This book provides a succinct 
account of the principles and applications of this 
technique. The systematic format, synopses introducing 
each chapter, liberal use of diagrams, and numerous 
illustrations work together to encourage frequent reference. 
Echocardiography has been placed in perspective so that the 
clinician can judge for himself when it is most likely to be 
helpful. Practicing cardiologists, trainees in cardiology, and 
internists will all find this text to be a useful addition to 
their libraries. '76, 256 pp., 231 il., 12 tables, $22.50 





ESOPHAGEAL HIATUS HERNIA: Rationale and Results 
of Anatomic Repair by Thomas Gahagan and Conrad R. 
Lam, Henry Ford Hospital, Detroit, Michigan. In their 
classification of esophageal hiatus hernias, the authors have 
added a third kind to the two well-recognized types. This 
added type, the infracardiac bursa hernia, differs from the 
other paraesophageal hernias in that it enters the chest 
through an opening to the right of the esophagus and in- 
variably comes to lie in the right pleural cavity. Surgical 
techniques and results have been presented for this type of 
hernia along with case reports. The esophageal complica- 
tions of hiatal hernia are considered in detail, keeping in 
mind anatomic principles when these esophageal com- 
plications associated with hiatus hernia are encountered. 
'76, 208 pp., 161 il., 1 table, $19.50 


Prepaid orders sent postpaid, on approval 


301-327 East Lawrence Avenue 


Springfield*Illinois © 62717 * USA 
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measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
“susceptible” indicates that the infecting organism is likely to 
respond to therapy. A report of “resistant” indicates that the infect- 
ing organism is not likely to respond to therapy. A report of “‘inter- 
mediate susceptibility” suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

*Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 

Indications: Although the principal indication for nafcillin sodium 
is in the treatment of infections due to penicillinase-producing 
staphylococci, it may be used to initiate therapy in such patients in 
whom a staphylococcal infection is suspected. (See Important 
Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to nafcillin sodium should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
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that it has been shown to be effective only in the treatment of infec- 
tions caused by pneumococci, Group A beta-hemolytic streptococci 
and penicillin G-resistant and penicillin G-sensitive staphylococci. 
If the bacteriology report later indicates the infection is due to an 
organism other than a penicillin G-resistant staphylococcus sensitive 
to nafcillin sodium, the physician is advised to continue therapy with 
a drug other than nafcillin sodium or any other penicillinase- 
resistant semi-synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of nafcillin sodium against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of nafcillin therapy considered. 
The usual agents (antihistamines, pressor amines, corticosteroids) 
should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ system function, including renal, hepatic and hematopoietic, 
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The possibility of bacterial and fungal overgrowth should be kept 
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patients with severe illness, or with nausea, vomiting, gastric dilata- 
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Safety for use in pregnancy has not been established. 
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because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to nafcillin sodium have been 
infrequent and mild in nature. As with other penicillins, the possi- 
bility of an anaphylactic reaction or serum sickness-like reactions 
should be considered. A careful history should be taken. Patients 
with histories of hay fever, asthma, urticaria, or previous sensi- 
tivity to penicillin are more !ikely to react adversely. 

The few reactions associated with the intramuscular use of nafcillin 
sodium have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 
Parenteral Administration: It is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
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and 30 mg/ml in the following intravenous solutions indicate the 
drug will lose less than 10% activity at room temperature (70° F.) 
during the time period stipulated: 


Isotonic sodium chloride............... ; 24 hours 
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venous infusion of Unipen® (nafcillin sodium). The concentration of 
the antibiotic should fall within the range of 2 to 30 mg/ml. The drug 
concentrate and the rate and volume of the infusion should be 
adjusted so that the total dose of nafcillin is administered before 
the drug loses its stability in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
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Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 
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After mixing, the oral solution must be stored in a refrigerator. 
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monohydrate, equivalent to 500 mg. nafcillin buffered with calcium 
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hydrate, equivalent to 250 mg. nafcillin buffered with calcium car- 
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EDITORIALS 


Surgical Control of Gastroesophageal Reflux 


E. R. Woodward, M.D. 


Two papers concerned with control of gas- 
troesophageal reflux appear in this issue. Hen- 
derson (p 206) reports a clinical study utilizing 
the Collis gastroplasty to lengthen an esophagus 
shortened by scarring. The Belsey partial fun- 
doplication was used in 135 patients as the an- 
tireflux procedure. One-third of the patients had 
radiological reflux, and one-fourth had major 
reflux symptoms. Therefore, in 78 patients the 
Nissen complete fundoplication was used as the 
antireflux procedure. None has had symp- 
tomatic reflux, indicating clear clinical superi- 
ority. 

However, the manometric data are not so con- 
vincing and are somewhat confusing. The rest- 
ing pressure in the lower esophageal sphincter 
(LES) preoperatively was 11 to 13 cm H,O, about 
double that usually observed in patients with 
LES incompetence. Postoperatively the patients 
who had the Belsey operation had a small but 
unimportant drop in LES pressure, whereas the 
patients who underwent Nissen fundoplication 
had a small but equally unimportant increase. 
Whatever the method, it is usual in successful 
cases to have a two- or three-fold increase in LES 
pressure. Either there is a difference in ma- 
nometry technique or the cardia converted into 
esophagus does not assume LES function. This 
point needs clarification. 

In the animal experiment reported by 
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Leonardi and associates (p 215), the LES in cats 
was rendered incompetent by resecting the cir- 
cular muscle of the distal esophagus. This pro- 
cedure dramatically reduced resting pressure, 
abolished the LES response to pentagastrin, and 
permitted major acid reflux. The adaptive re- 
sponse to abdominal compression was mark- 
edly reduced. Only Nissen fundoplication im- 
proved all aspects of function. Resting pressure 
was restored to normal, as was the adaptive 
response to compression. Acid reflux was pre- 
vented, but only partial return of the pentagas- 
trin response occurred. Positioning the dam- 
aged LES into the abdomen failed to restore any 
sphincter function. 

Both the Belsey and the Hill repairs restored 
resting LES pressure only about half as effec- 
tively as the Nissen procedure. The Belsey oper- 
ation did restore the adaptive response to ab- 
dominal compression, but neither the Belsey 
nor the Hill procedure prevented reflux or re- 
stored the pentagastrin response. 

Although Leonardi and associates present a 
rather drastic procedure for producing LES 
incompetence, theirs is an excellent, well- 
controlled study. The differences between the 
three operative procedures are exaggerated 
compared with those observed in human sub- 
jects, but the conclusion that Nissen fundoplica- 
tion is the most effective operative procedure in 
correcting gastroesophageal reflux from an in- 
competent LES appears valid. 


Valved External Conduits to Pulmonary Arteries 


John W. Kirklin, M.D., and Warren W. Bailey, M.D. 


Dr. Norwood and his colleagues from the Boston 
Children’s Hospital have confirmed the idea 


that use of valved external conduits between the ` 


right heart and pulmonary arteries allows repair 
of complex cardiac malformations that might 
otherwise be inoperable (p 223, this issue). 
They have also demonstrated that the method is 
not yet perfect. 

The use of external conduits from right ventri- 
cle to pulmonary artery did not, as the authors 
suggested, spring up spontaneously in the 
mid-1960s. In 1913 Jeger [11] reported an attempt 
to bypass ventricular outflow obstruction in 
which he inserted a'valved vein graft between 
the left ventricle and innominate artery. The 
next experimental studies were reported 35 
years later, in 1948, when Elliott Hurwitt [10] 
used prebent polyethylene tubes between the 
right ventricle and pulmonary artery. Donovan 
[5] in 195C used a short polyethylene tube up- 
stream to the vein graft for implantation into the 
ventricle in an attempt to avoid anastomotic 
strictures at this point, a problem that the pres- 
ent authors note occasionally occurs today in 
‘clinical practice. In 1951 Donovan and co- 
workers [6, 7] experimentally demonstrated 
long-term patency of right ventricular- 
pulmonary artery conduits after the pulmonary 
artery had been ligated to simulate pulmonary 
atresia. All this work was done in the 
laboratories of Robert E. Gross at Harvard Medi- 
cal School. For much of it, Charles Hufnagel, 
now Professor of Surgery at Georgetown Uni- 
versity Medical Cieri in iie DC, was 
the “idea man.’ 

In 1961 Gilbert and associates 18] Hroni the 
successful experimental use of a totally synthetic 
(woven Teflon tube) nonvalved conduit from 
the right ventricle to the pulmonary arteries. 
Neither they nor Glotzer and Hurwitt [9] de- 
scribed any stenoses at the conduit-right ven- 
tricular arastomoses. Gilbert and associates [8] 
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reported that the effects of the absence of a 
pulmonary valve (slight increase in right ven- 
tricular diastolic pressure, tachycardia at rest) 
were well tolerated by the normal dog, but rea- 
soned that the situation might be more serious 
in a patient with complex congenital heart dis- 
ease. 

In 1965 we reported the use of a nonvalved 
pericardial tubular conduit from right ventricle 
to pulmonary artery [18] that had been impro- 
vised during an operation in 1964 by Kirklin and 
Wallace because of the unexpected finding of 
pulmonary atresia in a patient thought to have 
tetralogy of Fallot and with knowledge of the 
earlier experimental demonstration of feasibil- 
ity. In 1966, Ross and Somerville [21] reported 
the first successful clinical use of a valved exter- 
nal conduit—in their case a homograft of as- 
cending aorta with its valve—between the right 
ventricle and pulmonary artery in a patient with 
tetralogy of Fallot and congenital pulmonary 
atresia. Both their patient and ours are still alive. 
Theirs is well; our patient has right ventricular 
enlargement and chronic right ventricular fail- 
ure (as predicted by Gilbert and associates [8]). 
In the same year, Cooley and Hallman [4] re- 
ported 2 unsuccessful complete repairs of trun- 
cus arteriosus using a synthetic valved external 
conduit. In 1967, McGoon and colleagues [15] 
used an ascending aortic homograft with its re- 
tained aortic valve for successful repair of trun- 
cus arteriosus. 

In 1966 we used a synthetic nonvalved exter- 
nal conduit for rerouting blood from the left 
(pulmonary) ventricle to the pulmonary artery 
in a patient with atrioventricular discordant 
connection and double-outlet right ventricle, 
{S,L,-}* heart, and dextrocardia [12]. This re- 
routing procedure, using a valved external con- 
duit, was imaginatively applied to transposition 
of the great arteries by Rastelli and co-workers in 
1968 [20]. The ingenious surgical skills of 
Dwight McGoon and others extended the use of 


*Situs solitus viscera and atria, and right ventricular sinus 
to the left (Van Praagh’s convention). 
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these conduits to other complex congenital mal- 
formations [14], including even single ventricle. 

This set the clinical stage, and soon a number 
of types of conduits became available. We re- 
ported the use of a homograft-valved woven 
Dacron conduit in 1971 [13]. Planche and col- 
leagues [16] introduced the use of a heterograft 
valve in the Dacron tube; Bowman and as- 
sociates [2] refined the device; and Hancock 
marketed this type of valved external conduit— 
itis the one used by Norwood and colleagues in 
52 of their 56 patients. 

It is disturbing that these authors. all experi- 
enced surgeons, found that 9 of 18 patients 
(50%) had peak systolic gradients between the 
pulmonary artery and right ventricle ranging 
from 6 to 78 mm Hg 24 hours after operation. 
Studies of the 18 patients one year later showed 
that all had some gradient between the right 
ventricle and pulmonary artery, and in 5 (28%) it 
was greater than 45 mm Hg. About one-fourth of 
the patients had gradients at the heterograft 
valve, although apparently all had increased 
pulmonary blood flow from residual left-to- 
right shunting. An even larger proportion had 
stenosis at the proximal anastomosis (predicted 
to be a problem by the experimental studies 


Fig 1. Actuarial survival of patients leaving the 

hospital alive after insertion of a valved external 

conduit from right ventricle to pulmonary 

artery. (From Bailey WW, Kirklin JW, Bargeron 

LM, et al.; Follow-up results of valved external conduits. 
Circulation, in press.) 
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years ago) or at the distal anastomosis or both. 
Weare not as certain as the authors that “techni- 
cal improvements” will eliminate late proximal 
anastomotic gradients. The actuarial survival of 
the hospital survivors, however, is excellent (as 
shown in their Fig 1, p 224). This is similar to 
our experience (Fig 1). 

The Boston group reports no reoperations for 
the patients with heterograft valved external 
conduits. We had a 30% reoperation rate within 
five years of insertion (Fig 2) in those placed 
before we realized the importance of position- 
ing the conduit well away from the sternum. 

Radley-Smith and associates [17], Ross and 
Somerville [22], and Barratt-Boyes* continue to 
use relatively fresh, antibiotic-sterilized ho- 
mografts of the aortic valve and ascending 
aorta, and report excellent results. The homo- 
graft walls calcify, as predicted by the earlier 
experimental work of Arai and colleagues [1] 
and Rastelli and associates [19], but these pros- 
theses have functioned well for long periods of 
time. No doubt,, homografts allow easier anas- 
tomoses, particularly to the delicate pulmonary 
arteries of infants; however, Stanger and co- 
workers [23] have obtained excellent results in 
infants with the Hancock conduit. Cartmill [3] 
continues to use with satisfaction a Bjork-Shiley 
valve in a woven Dacron tube for right 
ventricular—-pulmonary artery reconstruction in 


*Barratt-Boyes BG: Personal communication. 
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MONTHS AFTER OPERATION 


Fig 2. Proportion of patients undergoing 
reoperation for conduit compression among two 
groups, one operated upon before September, 
1972, and the other subsequently. In September, 
1972, we began routinely to place the conduit 
so as to have it well away from the sternum. 
(From Bailey WW et al, as in Figure 1.) 


patients who have not been given anticoagu- 
lants. 

The value of valved external conduits has been 
established for many types of complex congeni- 
tal heart disease. Studies such as this splendid 
one of Norwood and colleagues point out their 
usefulness and some of their problems. Such 
reports emphasize the need for continuing ef- 
forts to improve the conduits and the techniques 
of their use. Their study also leads to the sugges- 
tion that, at present, valved external conduits 
should not be used when a good alternative, 
such as paich-graft enlargement of the pulmo- 
nary valve ring in tetralogy of Fallot, exists. 
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Notice from the Southern Thoracic Surgical Association 


The Twenty-fourth Annual Meeting of the 
Southern Thoracic Surgical Association will be 
held at the Marco Beach Hotel, Marco Island, FL, 
on November 3-5, 1977. The scientific pro- 
gram appears at the end of this issue of 
The Annals of Thoracic Surgery (pp 294-296). 
There will be a $100 registration fee for non- 
member physicians except for guest speakers, 
authors and coauthors on the program, and res- 





idents. There will be a Postgraduate Program on 
Thoracic Trauma preceding the regular pro- 
gram. At present this meeting has not been ap- 
proved for Category I CME credit. 

Hotel reservations may be made by writing to 
Marco Beach Hotel, 400 South Collier Blvd, 
Marco Island, FL 33937. 

J. Kent Trinkle, M.D. 
Secretary-Treasurer 
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Reflux Control Following Gastroplasty 


Robert D. Henderson, M.B., F.R.C.S.(C) 


ABSTRACT A Belsey gastroplasty was performed 
on 135 patients, 132 of whom were available for 
follow-up. Despite a low incidence (1.5%) of anatom- 
ical recurrence, the operation failed to control reflux 
effectively, and the incidence of continued reflux is 
44.6%. Because of this failure to control reflux, a 
Nissen fundoplication has been added to the gastro- 
plasty tube. é 

In a group of 78 patients, radiological recurrence 
has occurred in 1 patient, with no patient experienc- 
ing symptoms of reflux. Manometric comparison be- 
tween the Belsey and Nissen gastroplasty shows 
more effective tone elevation of the high pressure 
zone and a more effective decrease in disordered 
motor activity of the lower esophagus. 


Gastroplasty was described by Collis [3] in 1961 
and used to lengthen the esophagus in patients 
with a hiatal hernia and esophageal shortening 
secondary to peptic esophagitis. In this opera- 
tion the lesser curvature of the stomach is 
formed into a tube, and a Collis [2, 4] hernia 
repair is used to fix the tubed segment below the 
diaphragm. The operation, modified to include 
the Belsey [7] hernia repair, may be referred to as 
a Belsey gastroplasty. 

Past experimental and clinical studies have 
shown the Belsey gastroplasty [9] to be as- 
sociated with a low incidence of anatomical re- 
currence and satisfactory control of reflux [8]. 
Despite these reports, our personal experience 
with 135 patients who have had a Belsey gastro- 
plasty has indicated a high incidence of recurrent 
reflux in the absence of anatomical recurrence. 
Because of this experience the operation has 
been modified to incorporate a Nissen [1, 10] 
type of complete fundoplication for more effec- 
tive reflux control. 


From the Department of Surgery, University of Toronto, 
Faculty of Medicine, Toronto, Ont, Canada. 


Presented at the Thirteenth Annual Meeting of The Society 
of Thoracic Surgeons, Jan 24-26, 1977, San Francisco, CA. 
Address reprint requests to Dr. Henderson, Department of 
Surgery, Women’s College Hospital, 76 Grenville St, To- 
ronto, Ont, Canada M58 1B2. 


"206 


Long-term evaluation of the Belsey gastro- 
plasty is now possible. Although the Nissen gas- 
troplasty has been followed for a shorter time, it 
is possible to make comparisons of its effective- 
ness in reflux control. 


Materials and Methods 


Between 1969 and 1975 Belsey gastroplasty was 
performed in 135 patients. Patients were fol- 
lowed from 2 to 7 years (average, 2.8 years). One 
patient died from complications related to the 
operation, 2 are lost to follow-up. Five patients 
have been followed by letter and through their 
local family physician. The remaining 127 have 
been followed by personal interview and exam- 
ination. Of these, 115 have had follow-up 
radiological studies, 39 have had manometric 
studies, and 57, endoscopies. 

Operative results are categorized in Table 1. 

Nissen gastroplasty was performed in 78 pa- 
tients followed from 6 to 24 months (average, 
10.7 months). Seventy-five patients were fol- 
lowed by personal interview, 2 were followed by 
letter and contact with the family doctor, and 1 
died from unrelated causes. Radiological studies 
were performed in 73 patients, postoperative 
manometric evaluation in 46; and endoscopic 
evaluation in 25. These patients have been 
staged in the same manner as those with Belsey 
gastroplasty. 

Results of radiological evaluation, which was 
considered a necessary part of follow-up, are 
available for most patients. Manometric studies 
were randomly performed and are available for 
comparison of Belsey and Nissen gastroplasty. 
Endoscopy was performed to facilitate dilatation 
or'for assessment of recurrent or residual symp- 
toms. Certain endoscopic features of the two 
procedures can be compared. 


Operative Technique 

Belsey gastroplasty has been described pre- 
viously. Nissen gastroplasty has not been de- 
scribed, and the technique is therefore outlined 
in more detail here. 
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Table 1. Results of Belsey Gastroplasty* 


Category Result 

Stage IA Asymptomatic: no recurrence, no reflux 
Stage IB Minor symptoms: no recurrence, no reflux 
Stage I Minor symptoms: radiological reflux 
Stage IIA Major reflux symptoms: radiological reflux 
Stage IIIB Radiological hernia recurrence 


No. of Patients 


38 (28.7%) 
33 (25.0%) 
25 (18.9%) 
34 (25.7%) 

2 ( 1.5%) 


With Belsey gastroplasty there was a high incidence of radiological reflux (44.6%), despite a low incidence of anatomical 


recurrence (1.5%). 


The gastroplasty component of the operation 
can be performed using a thoracic [7] or 
thoracoabdominal [3] approach. Preparation of 
the gastroplasty tube is identical in either pro- 
cedure. The gastric fundus is mobilized (Fig 1), 
and the esophagogastric fat pad is removed. A 
60F bougie is passed and the gastroplasty tube is 
cut over the bougie with either a stapler or an- 
gled DeBakey clamps. If a stapler is used, the 
staples are reinforced by a continuous 3-0 silk 
inverting suture. When clamps are used, closure 
is in two layers with 3-0 chromic catgut and 3-0 
silk. Posterior crural sutures are placed with 0 
silk and tied following the gastroplasty reduc- 
tion. The Belsey gastroplasty is completed using 


a standard Belsey repair modified only by plac- 


wrapped stomach directly through the dia- 
phragm (Fig 2). This modification is minor, has 
been used for 5 years, and appears to give satis- 
factory fixation of the reduced stomach to the 
diaphragm. 

The Nissen fundoplication is commenced by 


Fig 1. Gastroplasty tube is prepared by mobilizing 
fundus of stomach to chest then cutting the tube 
over a 60F Maloney bougie. This stage of 
operation is common to both Nissen and Belsey 
gastroplasty. 
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suturing the newly created fundus of stomach to 
the gastroplasty tube and distal 2 cm of 
esophagus using four mattress sutures of 2-0 
silk. Following fixation the stomach is rolled 
around the gastroplasty tube, and the distal 
esophagus is then sutured together on its aortic 
side with four mattress sutures of 2-0 silk. Fol- 
lowing completion of the fundoplication, it is 
reduced and the crural sutures are tied. Care is 
taken to ensure a loose wrap; it should be possi- 
ble to insert two fingers between the wrap and 
the gastroplasty tube. Using the Nissen wrap 
and gastroplasty tube, we are careful to make a 
tube of 5 cm, to incorporate only 2 cm of distal 
esophagus in the wrap, and to have a total fun- 


_doplication of 4 cm (Fig 3). 
ing three sutures from the fundus of. thé. ; ; 


Results 


The results of the Belsey hernia repair combined 
with gastroplasty have been disappointing. 
They are staged as previously outlined. 

Of those patients chosen for gastroplasty 
rather than for standard Belsey repair, the major- 
ity had had previous gastric or esophageal oper- 
ations, peptic stricture, or scleroderma, making 
effective reflux control particularly difficult. 
Sixty-nine patients had had previous opera- 
tions: previous hernia repair, 34; hernia repair 
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Fig 2. Belsey gastroplasty completed by a two-thirds 
fundoplication. The gastroplasty and fundoplication 
are reduced below the diaphragm and the crural 
sutures are tied. 


\ 
NISSEN FUNDOPLICATION 






ESOPHAGUS 


GASTROPLASTY TUBE 


Fig 3, Nissen gastroplasty finished by complete 
fundoplication. Care is taken to maintain tube 
length at 5 cm, to incorporate 2 cm of esophagus, 
and to keep fundoplication at 4 cm in length. These 
measurements are followed to avoid excess 
competence and postoperative dysphagia. 


plus gastric operations, 19; and gastric opera- 
tion, 16. Seven patients had esophageal 
scleroderma and 29 had a peptic stricture. 

There was very high incidence of radiological 
reflux (Table 1); 59 patients (44.6%) are 
categorized as stage II or stage IIIA. Despite this 
high incidence of reflux, only 2 patients (1.5%) 
had a radiological recurrence. Accuracy in re- 
cording radiological recurrence was obtained by 
using metal clips to mark the lower end of the 
gastroplasty tube, the diaphragm, and the 
esophagus where it passes through the dia- 
phragm. When there is recurrence, a shift in the 
positioning of the clips can be seen radiologi- 
cally. 

Recurrence of major symptoms and reflux are 
reported in 34 patients (25.7%). In this group of 
patients the operation failed to relieve symp- 
toms, which recurred immediately postopera- 
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Fig 4. Lower esophageal HPZ tone compared with 
Belsey and Nissen gastroplasty. With Belsey 
gastroplasty average tone decreased by ~2.4 cm 
H,O, whereas HPZ tone was increased by 4.2 cm 
H,O with Nissen gastroplasty. 


tively in 14, within 6 months in 7, within 9 
months in 4, within a year in 5, and within two 
years in 4. There has been no further incidence 
of symptomatic reflux recurrence beyond two 
years. 


Manometric Studies 


Esophageal manometry was performed in 39 pa- 
tients who had Belsey gastroplasty. Of those 
patients studied 16 were in stage I, 7 in stage II, 
14 in stage IIIA, and 2 in stage IIIB. Comparison 
was made between the preoperative and post- 
operative high-pressure zone (HPZ) tone and 
between the preoperative and postoperative 
percentage of disordered motor activity (DMA) 
in the lower esophagus. Average HPZ tone de- 
creased by 2.4 cm H,O postoperatively. DMA in 
the lower half of the esophagus decreased by 
2.4% (Figs 4,5). Analysis of the manometric data 
in patients with stage I results following the 
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Fig 5, Lower esophageal DMA is an ongoing 
response of the esophagus to reflux [9]. Following 
Belsey gastroplasty DMA decreased by —2.4% 
whereas with Nissen gastroplasty lower esophageal 
DMA decreased by -18%. 


Belsey procedure and comparing them with 
stages II and II] results shows a similar HPZ tone 
decrease but an improvement in lower 
esophageal DMA in those without reflux (Table 
2). Manometry was carried out between 3 and 36 
months (average, 11.8 months) postoperatively. 


Nissen Gastroplasty 


Following recognition that the Belsey gastro- 
plasty had failed to control reflux, the operation 
was modified to include a Nissen fundoplica- 
tion. Seventy-eight of 120 patients who under- 
went this operation have been followed from 6 
months to 2 years (average, 12.5 months). Six 
months was considered necessary for adequate 
assessment of reflux control, and only those with 
6-month follow-up are described. Thus 77 pa- 
tients were available for follow-up, and they 
were staged in the same manner as those with 
Belsey gastroplasty. 

Criteria for patient selection for Nissen gas- 
troplasty was more liberal than those for Belsey 
gastroplasty. The first 40 patients were selected 
on the basis of having had a recurrent hernia, 
peptic stricture, scleroderma, or other high-risk 
factors. However, because of the effectiveness of 
reflux control, this operation is now used in all 
patients requiring surgical control of reflux. 

Thirty patients had had a previous operation: 
previous hernia repair, 18; previous gastric 
surgery, 5; and both gastric and esophageal 
surgery, 7. Five patients had a peptic stricture 
and 2 had scleroderma. 

Following operation, clinical, radiological, 
and manometric evaluation showed no evidence 
of reflux (Table 3). One patient has developed an 
anatomical recurrence, which occurred while he 
was lifting a boat dock out of the water 9 weeks 
postoperatively. The recurrence has sub- 
sequently been repaired, and he is now 
asymptomatic. 

Mild degrees of dysphagia, the most frequent 
residual symptom, were present postopera- 


Table 2. Manometric Data following Belsey Gastroplasty* 





HPZ Tone (cm HO) DMA (%) 
No. of Tone DMA 
Group Patients Preop Postop Change Preop Postop Change 
Total 39 13.0 10.6 2.4 47.4 45.0 —2.4 
Stage I 16 14.4 12.0 2.4 48.0 41.4 -6.6 
Stage H and IMA,B 23 11.7 9.4 —2.3 46.9 48.3 +14 


*Comparison of the manometric features of patients categorized as Stage I with those categorized as Stage II or HIA shows 
similar HPZ tone but a greater percentage decrease in lower esophageal DMA in those with effective reflux control (Stage I). 


HPZ = high-pressure zone; DMA = disordered motor activity. 
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Table 3. Results of Nissen Gastroplasty in 77 Followed Patients? 
See aaa aaa e a U 


Category Result No. of Patients 
Stage IA Asymptomatic: no recurrence, no reflux 39 (50.6%) 
Stage IB Minor symptoms: no recurrence, no reflux 37 (48.9%) 
Stage I Minor symptoms: radiological reflux 0 (0.0%) 
Stage IIA Major reflux symptoms: radiological reflux 0 (0.0%) 
Stage IIIB Radiological hernia recurrence 1 (1.2%) 


“With Nissen gastroplasty, reflux control has been effectively achieved in all patients studied. 


tively in most patients, but this became very 
minor or totally disappeared within 6 weeks of 
operation. Seven patients (9%) have had persis- 
tent dysphagia requiring bougienage after 6 
weeks; in 4 this has now resolved, and in 2 it 
persists. One patient, early in the series, had too 
tight a fundoplication and has required repeat 
operation with modification of the fundoplica- 
tion. The total incidence of significant residual 
dysphagia is 3.9% (3 patients). 

Radiological studies were done in 73 of the 78 
patients. In all patients attention was paid to 
anatomical recurrence and radiological reflux. 
One patient developed anatomical recurrence. 
None of those studied has had radiological re- 
flux. 

Manometric studies in 46 patients with Nis- 
sen gastroplasty, 3 to 12 months postoperatively 
(average, 5.1 months), showed increased HPZ 
tone in 40 patients, with an average tone in- 
crease of 4.2 cm H,O (Table 4). Lower 
esophageal DMA was decreased in 41 of 46 pa- 
tients, with an average decrease of 18% (see Figs 
4, 5). 


Conversion Belsey to Nissen Gastroplasty 

Nine patients with stage IIIB recurrent reflux 
have had their Belsey gastroplasty converted toa 
Nissen gastroplasty. These patients were 


selected because of severe reflux symptoms that 
were unresponsive to dietary care, bed eleva- 
tion, antacids, and metoclopramide. In all pa- 
tients, radiological, manometric, and endo- 
scopic studies confirmed the presence of reflux 
but did not show evidence of anatomical recur- 
rence, Five of the 9 patients have been followed 
for more than 6 months and are included in the 
overall Nissen study. 

At operation using a thoracoabdominal ap- 
proach, the intrathoracic esophagus was not 
mobilized. Only the Belsey wrap was taken 
down. The gastroplasty tube was measured at 
between 5 and 7 cm in length, and a size 60F 
Maloney bougie was passed to confirm lumen 
size. A Nissen fundoplication was then per- 
formed. These patients have now been followed 
3 to 9 months (average, 5 months). All have had 
radiological studies, and none show evidence of 
reflux. Symptomatically all have complete reso- 
lution of their reflux symptoms. 


Comment 


Belsey gastroplasty was performed in 135 pa- 
tients, 132 of whom were available for follow- 
up. Radiologically, 33.6% had reflux and 25.7% 
had major reflux symptoms. Only 1.5% had 
radiological evidence of recurrence. 

Because of failure of reflux control, the opera- 


Table 4. Manometric Studies in 46 Patients Who Underwent Nissen Gastroplasty ® 





HPZ Tone (cm H:O) DMA (%) 
Tone DMA 
Preop Postop Change Preop Postop Change 
11.2 15.4 +4.2 46.4 28.4 —18 


In patients with a Nissen gastroplasty, the HPZ tone is increased by 4.2 cm H,O and lower esophageal DMA is decreased 
by 18%. The decrease in percent DMA is considered to reflect esophageal healing. 


HPZ = high-pressure zone; DMA = disordered motor activity. 
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tion was modified to incorporate Nissen fun- 
doplication. Using this approach in 78 patients, 
1 patient had anatomical recurrence and none 
showed radiological or clinical evidence of re- 
flux. 

Patients with Belsey gastroplasty were fol- 


lowed from 2 to 7 years, while follow-up of those’ 


with Nissen gastroplasty ranged from 6 months 
to 2 years. Because of the time difference it is not 
possible to examine all possible failures of the 
Nissen gastroplasty; however, by comparing 
the intervals between symptom recurrence of 
Belsey and Nissen gastroplasties, it is evident 
that the Nissen gastroplasty is more effective at 
this early stage. Recurrence of reflux with Belsey 
gastroplasty, evident in 21 patients (15.9%) 
within 6 months of their original operation, had 
developed in all 34 (25.7%) by 2 years. None of 
the Nissen gastroplasty patients had recurrent 
reflux, and the minimum follow-up has been 6 
months (average, 12.5 months). 

Further evidence of effective reflux control 
and esophageal healing can be derived from 
manometric studies. The average HPZ tone in 39 
patients with Belsey gastroplasty fell by 2.4 cm 
H:O, whereas it rose by 4.2 cm H,O in those 
with Nissen gastroplasty. Lower esophageal 
DMA is an injury response to reflux [5, 6]. When 
the Belsey gastroplasty was performed, the de- 


crease in DMA was 2.4%, whereas with more `’ 


effective reflux control, DMA fell by 18% in the 
patients who had a Nissen gastroplasty. 

The Belsey gastroplasty has been shown to 
have a high incidence of persistent or recurrent 
reflux. Although it is still too early for full evalu- 
ation, the Nissen gastroplasty has proved to be 
very effective in reflux control and certainly 
merits further study. 


References 


1. Bettex M, Stillhart H: Operation for hiatus hernia 
and cardicesophageal achalasia by fundoplica- 
tion after Nissen. Surgery 55:451, 1964 

2. Collis JL: A review of surgical results in hiatus 

hernia. Thorax 16:114, 1961 

. Collis JL: Gastroplasty. Thorax 16:197, 1961 

4. Collis JL: Surgical control of reflux in hiatus her- 
nia. Am J Surg 115:465, 1968 

5. Henderson RD: Motor Disorders of the 
Esophagus. Baltimore, Williams & Wilkins, 1976 

6. Henderson RD, Pearson FG: Preoperative as- 
sessment of esophageal pathology. J Thorac Car- 
diovasc Surg 72:512, 1976 


Q 


7. Pearson FG, Henderson RD: Experimental and 
clinical studies of gastroplasty in the management 
of acquired short esophagus. Surg Gynecol 
Obstet 136:737, 1973 

8. Pearson FG, Henderson RD: Long term follow up 
of peptic strictures managed by dilatation, 
modified Collis gastroplasty and. Belsey hiatus 
hernia repair. Surgery 80:396, 1976 

9. Pearson FG, Langer B, Henderson RD: Gastro- 
plasty and Belsey hiatus hernia repair: and opera- 
tion for the management of peptic stricture and 

‘acquired short esophagus. J Thorac Cardiovasc 
Surg 61:50, 1971 

10. Polk HC Jr, Zeppa R: Fundoplication for complit% 

cated hiatal hernia, rationale and results. A 

Thorac Surg 7:202, 1969 ; 


i ; 
Gey 
Discussion Ne 


DR. MARK B. ORRINGER (Ann Arbor, MI): We at Anik, 
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Arbor also have been concerned with the causes ofès. 


recurrent reflux after standard hiatal hernia repairs 
and the best methods for treating recurrences short of 
sacrificing the distal esophagus and replacing it with 
a colonic interposition. In the past 3 years we have 
performed the Collis-Belsey operation in 83 patients, 
each of whom had one or more recurrences of risk 
factors preoperatively: severe reflux esophagitis, 
periesophagitis from prior operation at the 
esophagogastric junction, obesity, chronic obstruc- 
tive pulmonary disease, or the need for 
esophagomyotomy and esophageal shortening. 

Unlike Dr. Henderson, we have after the Collis 
gastroplasty, performed a standard Belsey reconstruc- 
tion of the esophagogastric junction using two 
rows, each consisting of three horizontal mattress su- 
tures, between the fundus of the stomach and the new 
distal 4 cm of esophagus. 

We perform both esophageal manometric studies 
and intraesophageal acid reflux testing to evaluate 
competence of the distal esophageal sphincter mech- 
anism both before and after operation. To date, 76 
(92%) of our patients have had postoperative 
esophageal function tests within 3 to 6 months of 
operation, and 45 (54%) have been evaluated again 1 
or more years postoperatively. 

Subjectively, 84% of these patients have had either 
excellent or good results from operation, 5% have had 
mild symptoms, and 11% have had moderate to se- 
vere symptoms of recurrent reflux. Only 5 of our pa- 
tients were reported to have had radiological reflux 
postoperatively. 

In contrast to Dr. Henderson, who reported an aver- 
age decrease in HPZ tone after the Collis-Belsey pro- 
cedure, we have found that the average mean and 
peak pressures, as well as the length of the distal 
esophageal HPZ after the Collis-Belsey procedure, 
have nearly doubled. At the time of the first post- 
operative evaluation with pH reflux testing, the 
number of patients with moderate to severe reflux 
decreased from 85 to 18%. Subsequently, 7 additional 
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patients have developed moderate to severe reflux 
with pH reflux testing, but of the 21 total patients in 
our series with this degree of reflux, only 12 (16%) 
have any symptoms of reflux. 

I would like to ask Dr. Henderson, then: first, if it 
does not seem that his modification of the Belsey 
procedure fails to provide the degree of protection 
against reclux that is achieved with a standard Belsey 
fundoplication. Second, does he consider it appro- 
priate to perform a Collis-Nissen operation even in 
patients who do not have factors that might predis- 
pose ther to recurrent reflux after a standard antire- 
flux operation? Finally, has he had any difficulty with 
esophageal emptying after a 360-degree fundoplica- 
tion in patients with an esophageal motor abnormal- 
ity such as scleroderma? 

In our experience, the combined Collis-Belsey op- 
eration has controlled reflux in 84% of a group of 
patients who in the past demonstrated an unac- 
ceptably Ligh rate of recurrence, in many of whom we 
would otherwise have performed distal esophagec- 
tomy and short-segment colonic interposition. We 
believe that further careful, objective long-term 
follow-up data must be accumulated before we will be 
able to dezermine if the apparently lower rate of recur- 
rent reflux after this operation persists, and whether it 
can be reduced even further with the Collis-Nissen 
procedure. 


MR. RONALD BELSEY (Bristol, England): I am most in- 
trigued by Dr. Henderson’s paper, and it has re- 
minded me of the old saying that “some achieve fame, 
others have fame thrust upon them.” First of all, I 
would like to point out that I have never described a 
gastroplasty, nor have I ever advocated its use. We 
have heard a lot about the modified Belsey operation. 
These modifications now bear absolutely no re- 
semblance to the original Mark IV operation as we 
described it. The essential features of the Mark IV 
repair are: (1) extensive mobilization of the 
esophagus and (2) replacement of 4 to 5 cm of clear 
esophagus, including the lower esophageal sphinc- 
ter, in the HPZ below the diaphragm. 

The 240-degree fundoplication used during this 
procedure is designed merely to get a firm grip on the 
lower esophagus and to retain that grip, so that when 
the stomach is returned to the abdomen the 4 to 5 cm 
segment remains in the HPZ. 

We have heard a lot about the Nissen operation, but 
here again the question of terminology arises, be- 
cause in Nissen’s original description the fundoplica- 
tion was performed around the lower esophagus. In 
many of the current Nissen operations the fundoplica- 
tion is Gone around the stomach, not around the 
esophagus at all, and the lower esophageal sphincter 
remains in the low-pressure zone about the dia- 
phragm. 

Any repair operation must fulfill four criteria: (1) 
complete and permanent relief of all symptoms and 


the complication of reflux; (2) ability of the patient to 
lead a perfectly normal life, without any further medi- 
cal or postural treatment; (3) ability to belch and to 
relieve gas distention of the stomach voluntarily 
when necessary; and (4) ability to vomit, which can 
under certain circumstances be a lifesaving procedure. 

I would like to say a few words about recurrent 
hernias, because for my sins I spend most of my time 
now operating on recurrent hernias and trying to 
clean up the muddy footsteps left on the carpet by 
other sportsmen who have had a bash at this region. 
Most of the patients whom I see have had what is 
described in the notes as a Nissen operation. When I 
survey these cases, the postoperative course follow- 
ing the original operation can be divided into three 
periods. First, there is the immediate postoperative 
period, in which the reflux is completely relieved. I 
think we are all agreed that the Nissen operation is an 
excellent antireflux operation. Patients find they have 
difficulty belching, and some complain of quite se- 
vere dysphagia, which, unfortunately, cannot be re- 
lieved by passing a bougie. The second phase, when 
reflux is still controlled and the patient finds he can 
belch and vomit, is the period during which the case 
is usually written up as yet another successful Nissen 
operation. Phase three, when the reflux recurs and 
there is no evidence whatsoever at the second opera- 
tion of any previous repair, and when the patient 
regains his ability to belch and vomit, is the phase in 
which the Nissen fundoplication is beginning to 
break down and disappear. 

Finally, I would like to comment on the question of 
long-term follow-up. We had been doing the Mark IV 
repair for 15 years before we published the operation. 
When I was asked why this was so, I showed my 
critics that it had taken me at least 15 years to find out 
if the operation was any damned good. 

Now we have heard Dr. Henderson’s very interest- 
ing report, but we should like to know what the re- 
sults will be in 5 years, not 2. A 2-year follow-up 
period just isn’t long enough to justify the publication 
of information about any new reflux operation. 


DR. FELIX A. EVANGELIST (Charlotte, NC): I second Dr. 
Henderson’s enthusiasm for the combination of a 
Nissen fundoplication and Collis gastroplasty. 

Three and one-half years ago we explored this pro- 
cedure and elected to use a modified GIA stapler from 
which the cutting blade had been removed to form the 
5 cm gastric tube. In so doing, the fundus of the 
stomach was not divided, and this made it quite sim- 
ple to perform a Nissen wraparound about the newly 
created tube. We utilize an indwelling 52F bougie to 
calibrate the diameter of the gastric tube and perform 
the wraparound in the usual fashion with this bougie 
still in place. The amount of surgical dissection re- 
quired is no more than that for the standard Nissen or 
Belsey hiatal hernia repair, and the early and late 
results have been eminently satisfactory. 
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We have now followed the initial 34 patients for up 
to 34% years, and to date there has been complete 
control of symptoms of reflux and esophagitis in all 
patients. Of 7 patients with severe strictures dilated 
preoperatively, 2 required dilation within the first 60 
days postoperatively, but none has subsequently had 
any difficulties with dysphagia. Although this proce- 
dure was initially offered only to the so-called compli- 
cated form of hiatal hernia, it has proved to be so 
technically simple and gratifyingly effective that 
we have now felt free to extend this to all patients 
requiring hiatal hernia repair. 


DR. F. G. PEARSON (Toronto, Ont, Canada): Using his 
own modification of Ronald Belsey’s repair combined 
with gastroplasty, Dr. Henderson certainly docu- 
ments an unacceptably high incidence of recurrent 
reflux. But I would emphasize, as Mr. Belsey has, that 
Dr. Henderson’s repair should not be confused with 
the original Belsey Mark IV reconstruction. It might 
be better called the Henderson repair. 

Our own experience is with a group cf patients, 
most of whom had stricture and short esophagus, in 
whom we have used a gastroplasty to add length and 
have combined it, as best I can judge, with the au- 
thentic Mark IV repair. This is a group of 175 patients 
who have now been followed 1 to 13 years (those 
patients managed by Dr. Henderson’s modification 
are excluded from these data). 

Our results are very different from those reported 
by Dr. Henderson. We have clinical follow-up on 93% 
of the patients, and only 11 (6%) have significant 
symptomatic reflux. Of 132 postoperative radio- 
graphic studies in 132 patients, we have seen 
radiological reflux in 14%. About half of these pa- 
tients are asymptomatic. 

A more critical follow-up has been dcne with a 
group of 26 patients, the first 26 operated on with 
stricture, who have now been followed 6 to 13 years. 
They have had complete clinical and radiological 
follow-up, and the results have endured and are gen- 
erally excellent. We have no patients, other than 1 
failure here, with severe symptomatic reflux, and 22 
of the 26 have complete resolution of dysphagia. 

Good evidence has been presented here that the 
Nissen fundoplication is a more effective antireflux 
operation, and these differences are mos: precisely 
identified by the ultrasensitive pH reflux test. But a 
positive pH reflux test in patients who are 
asymptomatic is not an uncommon finding, and I 
suspect clinical symptoms are significantly influ- 
enced by the amount and frequency of such reflux. 

I would stress what many others have said here 
before me, that of equal importance in evaluating the 
end-result is analysis of the functional performance 
that relates to swallowing, the ability to burp, and the 
ability to vomit. This type of evaluation is very dif- 
ficult to identify or quantitate, and we still await re- 
ports of carefully documented long-term follow-up. 


DR. HAROLD C. URSCHEL, JR (Dallas, TX): I compliment 
Dr. Henderson on a very clear report. I would like to 
discuss the astronomical recurrence rate of 46% de- 
scribed by him and possibly some of the discrepan- 
cies compared to our results. 

For the last 8 years we have used Mr. Belsey’s repair 
combined with the Collis gastroplasty, initially for 
stricture, subsequently for the high-risk patient 
(obesity, pulmonary complications, or recurrent her- 
nia) with recurrence, and finally, in the last 242 years, 
for all patients with gastroesophageal reflux. Pres- 
ently we are assessing the first 200 patients treated in 
this fashion. We have had no anatomical recurrences. 
We have 4% major reflux in this group. 

I have talked to Dr. Henderson concerning the 
marked discrepancy with his results (a 46% rate of 
recurrence), and we went back to two observations 
early in our experience when we combined a Collis 
gastroplasty with Mr. Belsey’s procedure. Those two 
findings were seen in average adult males, both in the 
postmortem laboratory and on the operating table. 
First, if a bougie larger than 52F had been used, we 
would have a higher percentage of regurgitation. 
Now Dr. Henderson uses a 60F bougie. The other 
point that we initially found would increase the tend- 
ency toward reflux was the placement of the stapler at 
the apex of the Collis gastroplasty. When the stapler is 
placed, it must be parallel from the cardia down to the 
sixth or eighth centimeter of the gastroplasty. If it 
extends out more than that, patchless cardia is 
created, even though itis an intraabdominal segment, 
and there is a higher incidence of reflux. 

I don’t think there is a discrepancy in these results. 
Although Dr. Henderson’s cases are more difficult, 
we had no instances of scleroderma that we treated in 
this fashion. We did have strictures and the other 
types of difficult cases early. So I think this is primar- 
ily a technical problem and that it possibly relates to 
some of the discrepancies Dr. Pearson pointed out. 

We prefer this repair because there is no dysphagia 
other than thatin patients with stricture who undergo 
combined Belsey-Collis procedures. I have no objec- 
tion to the Nissen repair, but I think the recurrence 
rate presented here is unduly high for the Collis- 
Belsey operation. 


DR. TOM R. DE MEESTER (Chicago, IL): I would like to 
recall to you the prospective randomized study we 
published (Ann Surg 180:511, 1974) in which the Hill, 
unmodified Belsey, and Nissen antireflux procedures 
were performed randomly, and the patients were 
reevaluated 3 months to 1 year postoperatively with 
both a clinical and an objective appraisal. Only 47% of 
the patients with a Hill repair had become 
asymptomatic, although there was improvement in 
the others; 80% of those with Belsey repairs had be- 
come asymptomatic, although there was also im- 
provement in the others; and all those who had had 
Nissen repairs were asymptomatic. 
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In addition, the amount of reflux that occurred in 
these patients was evaluated by placing an indwelling 
pH probe in the patient’s esophagus for 24 hours. 
Based on this sensitive test of reflux, competence of 
the cardia occurred in 73% of the patients with a Hill 
repair, 48% of the patients with a Belsey repair, and 
100% following the Nissen repair. 

These data show that the Nissen repair produced 
the best cardioesophageal competence, and it seems 
reasonable that this would also hold true when the 
Nissen repair is combined with a Collis gastroplasty. 
Dr. Skinner and I find that, in our own practice, the 
need for a Collis gastroplasty is very limited; it is 
usually performed only in patients who have severe 
strictures with marked shortening of the esophagus. 

An additional point is that after the Collis gastro- 
plasty is performed, the portion of the fundus that is 
left makes a very beautiful Nissen wrap. So if the 
procedure looks good and works well, it ought to bea 
winner. 


DR. HENDERSON: I thank the various discussants. They 
have raised many interesting points which are not 
easily resolved. I am pleased to hear Mr. Belsey dis- 
cussing the paper. I think he is quite right in objecting 
to his name being attached to a procedure that incor- 
porates modification of his original technique, not 
only by altering his fundoplication, but also by add- 
ing a gastroplasty tube. 

The mcedification in the fundoplication is a varia- 
tion in the final suture layer, in which the fundus of 
the stomach is sutured to the diaphragm rather than 
incorporating the esophagus, stomach, and dia- 
phragm in one stitch. Mr. Belsey does not think that his 
fundoplication prevents reflux, but that it acts to fix 
the subdiaphragmatic tube and prevent anatomical 
recurrence. I agree with Mr. Belsey; indeed, even in 
its modified form, the fundoplication is effective in 
preventirg recurrence (recurrence rate 1.5%). Be- 
cause the recurrence rate is low, it is hard to believe 
that the modification is responsible for the high inci- 
dence of reflux. 

Both Dr. Urschel and Dr. Pearson believe that the 
60F tube diameter might be a factor in reflux. As 
originally described by Dr. Pearson, the Collis-Belsey 
gastroplasty was shaped over a 50F bougie. I do not 
think bougie size is of much importance. On many 
occasions I have postoperatively passed a 60F bougie 
in patierts who had a gastroplasty cut over a 46F 
bougie at operation. The bougie size used in each 
operation has been reviewed from the operative notes 
in 111 of the 135 patients. A 46 or 50F tube was used in 


94 patients, a 56F in 7 patients, and a 60F in only 10 
patients. Of those patients with tube diameters of 46 
to 50F, 76% had no reflux and 24% had reflux. Of 
those patients with 56 to 60F tubes, 70% had no reflux 
and 30% had reflux. The incidence of reflux has not 
varied much with bougie size. Indeed, the majority of 
patients studied had their gastroplasty tubes cut over 
46 to 50F bougies. 

In looking at the results of the Collis-Belsey gastro- 
plasty, my results and those of Drs. Orringer, Pearson, 
and Urschel differ. Both my reported results and those 
of Dr. Orringer indicate a high rate of continued re- 
flux, while those of Drs. Pearson and Urschel indicate 
a low rate of recurrence. I think Mr. Belsey has, as 
always, put his finger on the problem. He states that 
he designed his Mark IV repair to hold a segment of 
esophagus below the diaphragm. I agree with Mr. 
Belsey that this is all his fundoplication achieves. If 
this is true, then reflux is more likely to occur in 
patients with prior severe esophageal damage. I have 
reported 66 patients undergoing Collis-Belsey gas- 
troplasties who had previous gastric or esophageal 
operations, and the incidence of reflux was 30%: 27 
had a peptic stricture with a reflux incidence of 22%; 7 
had scleroderma with a 43% incidence of reflux; and 3 
had a myotomy and all refluxed. By contrast, 28 had 
no major disease and the reflux incidence was only 
3%. 

My interpretation of these data is that when the 
intraabdominal gastroplasty and esophageal seg- 
ments are severely damaged, the Collis-Belsey gas- 
troplasty is ineffective, but when a good sphincter is 
maintained below the diaphragm, together with a 
gastroplasty tube, then reflux control is satisfactory. 

Dr. Orringer reports 15% reflux recurrence, Dr. 
Pearson, 7%. Dr. Urschel noted that I have 44% bad 
results; however, only 25% of this group combine 
major clinical symptoms with radiological reflux. I 
expect that the differences we are seeing are very 
much a function of the type of patient treated by this 
operative approach. 

If a gastroplasty is used to manage recurrent hernia 
or strictures or for patients with scleroderma, then the 
Collis-Belsey gastroplasty seems to me to be ineffec- 
tive. I have used a gastroplasty combined with a Nis- 
sen fundoplication in 78 patients and have followed 
them for 6 months to 2 years. In my hands this 
operation has given effective reflux control in all pa- 
tients. In a small group of patients with major reflux, I 
have converted the Collis-Belsey to a Nissen fundo- 
plication without modifying the gastroplasty tube, 
and all of them have had total reflux control. 
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Howard K. Leonardi, M.D., Myles E. Lee, M.D., 
M. Fathi El-Kurd, M.B., Ch.B., and F. Henry Ellis, Jr., M.D., Ph.D. 


ABSTRACT After a hypotensive lower esophageal 
sphincter was created in cats by circular myectomy of 
the distal esophagus, a comparative study was per- 
formed of the sphincter-enhancing operations cur- 
rently in use: the Nissen fundoplication, the Belsey 
Mark IV, and the Hill posterior gastropexy. Sub- 
diaphragmatic transposition of the myectomized 
segment was included to assess the effectiveness of 
intraabdominal positioning on lower esophageal 
sphincter competence. 

The mean lower esophageal sphincter pressure 
after Nissen fundoplication (21.7 + 1.5 cm H.O) did 
not differ significantly from control values (24.3 + 1.8 
cm H,O), whereas significantly lower pressures were 
recorded after the Belsey Mark IV (11.7 + 1.5 cm 
H,O), Hill posterior gastropexy (9.0 + 1.5 cm H,O), 
and subdiaphragmatic transposition (4.0 + 1.5 cm 
H,O) procedures. The adaptive response of the lower 
esophageal sphincter to increased intragastric pres- 
sure was restored to near normal levels by both the 
Nissen and Belsey procedures, whereas the Hill pos- 
terior gastropexy and subdiaphragmatic transposi- 
tion were less effective. In addition, pH reflux testing 
clearly indicated that the Nissen fundoplication af- 
forded maximum protection against acid reflux. 

The experimental evidence suggests that optimum 
results in the surgical treatment of gastroesophageal 
reflux are achieved when the resting lower 
esophageal sphincter pressure and the adaptive re- 
sponse are restored to normal levels. The Nissen fun- 
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doplication accomplishes these objectives more ef- 
fectively than the alternative antireflux procedures. 


Recognition that gastroesophageal reflux is 
primarily the result of a physiological rather 
than an anatomical abnormality [5] has led to the 
development of a variety of surgical procedures 
designed to restore normal lower esophageal 
sphincter function. These procedures include 
the Nissen fundoplication, the Belsey Mark IV, 
and the Hill posterior gastropexy. Each method 
involves techniques of encircling the distal 
esophagus to varying degrees with adjacent gas- 
tric fundus. To date, none of these procedures 
has been shown conclusively to be superior to 
the others. This study was undertaken to clarify 
the issue. The cat was selected as the experimen- 
tal animal because of anatomical similarities be- 
tween the feline and human esophagus [3]. 


Materials and Methods 
Operative Procedures 


The lower esophageal sphincter of 40 laboratory 
cats was rendered hypotensive by means of the 
technique originally described by Vandertoll 
and associates [18] (Fig 1). Circular myectomy of 
the distal 2 cm of esophagus was performed with 
careful preservation of vagal innervation to the 
stomach. 

Operative procedures designed to restore 
lower esophageal sphincter function included 
the Nissen fundoplication (10 cats), the Belsey 
Mark IV (10 cats), the Hill posterior gastropexy 
(10 cats), and subdiaphragmatic transposition of 
the myectomized segment (10 cats). The last pro- 
cedure was included to assess the effect of in- 
traabdominal positioriing alone on the hypoten- 
sive lower esophageal sphincter. The Nissen, 
Belsey, and Hill procedures were performed in 
the standard fashion [1, 10, 16]. Subdiaphrag- 
matic transposition was accomplished by secur- 
ing the myectomized segment below the dia- 
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Fig 1. Technique of myectomy and the various 
sphincter-enhancing procedures used in this study. 


phragm with six mattress sutures, incorporating 
diaphragm and esophageal musculature just 
proximal to the myectomy. 

All procedures were performed under intra- 
venously induced sodium pentobarbital anes- 
thesia in a dose of 20 mg per kilogram of body 
weight. Endotracheal intubation was carried out 
and respirations were maintained with a Ben- 
nett PR-1A respirator. 


Manometric Techniques 

Esophageal manometry was performed using a 
continuously perfused dual catheter system.” 
Each catheter had two laterally positioned 
pressure-sensing orifices spaced 3 cm apart. A 


“Intramedic PE 205 tubing. 


Harvard infusion pumpt delivered 0.573 ml 
of distilled water per minute through each 
catheter. The catheters were connected to ex- 
ternal transducers,} and pressures were recorded 
graphically on a multichannel recorder,§ cali- 
brated to create a 1 cm deflection for each 10 cm 
of water pressure. The catheters were with- 
drawn at the rate of 0.5 cm per second, and lower 
esophageal sphincter pressure was determined 
in reference to gastric pressure recorded in the 
fundus, which was arbitrarily considered as 
zero. Maximal end-inspiratory and end- 
expiratory pressures were averaged to obtain 
the mean maximal sphincter pressure. A 
pneumograph recorded the respirations. 

The adaptive response of the lower 
tModel 941, Harvard Apparatus Co, Millis, MA. 


{Statham P23Db Transducer, Gould-Statham Instruments, 
Hato Rey, Puerto Rico. 


§DR8, Electronics for Medicine, White Plains, NY. 
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esophageal sphincter was measured by man- 
ometrically positioning the catheters so that the 
distal orifice was within the stomach and the 
proximal orifice within the lower esophageal 
sphincter. Abdominal compression was applied 
manually while pressures were recorded. A ratio 
of the increment in sphincteric pressure to the 
increment in intragastric pressure of 1.4 or more 
was accepted as a normal response. 

The hormonal response of the lower 
esophageal sphincter was assessed using pen- 
tagastrin. A 10 ug/kg dose was administered 
intravenously, and resting pressures and 
lengths of the lower esophageal sphincter were 
measured 30 minutes later. 


pH Reflux Testing 


Studies of pH were performed with a Beckman 
pH meter’ utilizing an exploring electrodet for 
pH measurements and a reference electrode.t A 
length of polyethylene tubing was introduced 
into the stomach, and 15 ml of 0.1 N hy- 
drochloric acid was instilled. The tubing was 
flushed with distilled water during rapid with- 
drawal. The exploring electrode was passed into 
the esophagus until it met the resistance of the 
lower esophageal sphincter and was then with- 
drawn 3 cm, and a pH reading was taken to 
preclude the presence of residual acid. If the pH 
was 5 or higher, abdominal compression was 
applied manually and the pH noted. Reflux was 
considered present if a pH of 4.5 or less was 
recorded. 


Methods of Evaluation 


Esophageal manometry and pH reflux testing, as 
described, were performed preoperatively on 
unanesthetized animals. All operative survivors 
were studied approximately three weeks post- 
operatively in a similar fashion. Intraoperative 
testing was performed after myectomy to 
confirm lower esophageal sphincter incompe- 
tence before each sphincter-enhancing proce- 
dure was performed. An additional subgroup of 
myectomized control animals was studied in an 


*Zeromatic $S-3, Beckman Instruments, Wakefield, MA. 
tModel 39042, Beckman Instruments, Wakefield, MA. 
Model 40242, Beckman Instruments, Wakefield, MA. 


unanesthetized state approximately three weeks 
after myectomy to verify the permanence of 
sphincter removal. 

Analysis of variance was used to compare the 
four late postoperative groups to each other and 
to the preoperative controls. In all instances 
when the results of this analysis revealed a sig- 
nificant difference in the mean values of the 
groups, the Scheffé method of multiple com- 
parisons was used to determine which group 
means were significantly different from each 
other. 


Results 

Of the 40 cats, 27 were available for postopera- 
tive studies distributed as follows: Nissen fun- 
doplication (7), Belsey Mark IV (7), Hill posterior 
gastropexy (7), and subdiaphragmatic transpo- 
sition (6). The results are summarized in the 
Table and are expressed as mean values + SEM. 

Resting lower esophageal sphincter pressures 
in the various experimental groups are pre- 
sented in Figures 2 to 4. The Nissen fundoplica- 
tion was most effective in restoring lower 
esophageal sphincter pressures to control levels. 
In contrast, the Belsey, Hill, and subdiaphrag- 
matic transposition procedures produced 
lower esophageal sphincter pressures signifi- 
cantly lower than the controls when analyzed 
statistically. Lower esophageal sphincter length 
was restored equally well by the Nissen, Belsey, 
and Hill procedures. Subdiaphragmatic trans- 
position was less effective in this respect. 

Abdominal compression in normal controls 
produced a ratio of increment in sphincteric 
pressure to increment in intragastric pressure of 
1.6 + 0.2. Both the Nissen and the Belsey proce- 
dures restored the adaptive response to near 
normal levels that did not differ significantly 
from control values. Following the Hill posterior 
gastropexy and subdiaphragmatic transposi- 
tion, the adaptive response was strikingly di- 
minished. 

The results of the pH reflux test are presented 
in Figure 5. A mean distal esophageal pH of 5.9 
+ 0.13 was obtained in control animals. Reflux 
could not be induced after the Nissen fundopli- 
cation, while the Belsey, Hill, and subdia- 
phragmatic transposition procedures provided 
inferior protection against acid reflux. 
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Lower Esophageal Sphincter Evaluations following Myectomy and Repair Compared to Normal 


and Myectomized Cats 





LES LES 
No. of Pressure Length 
Group Animals (cm HO) (erm) 
Normal control 40 24.3 + 1.8 16+01 
Myectomized 9 2.3 + 1.08 0.5 + 0.28 
control 
Nissen fundo- 7 21.7 + 1.5 1.8 + 0.3 
plication 
Belsey Mark IV 7 11.7 + 1.5” 180.3 
Hill posterior 7 90 +15? 142403 
gastropexy 
Subdiaphragmatic 6 4.0 +1.53 10 £0.3® 
transposition 


p < 0.001 compared to control values.. 
by < 0.05 compared to control values. 


Results expressed as mean values + SEM. 









LES Pressure LES Length 
Adaptive pH Reflux after Penta- after Penta- 
Response Test gastrin gastrin 
(ASP/AGP) (pH) (cm H:O) (cm) 
1.6 + 0.2 590.13 6512448 2.4 + 0.2 
0.9 + 0.02° 4.2 + 0.32 
1.4 + 0.2 6.4 + 0.16 23.3 + 2.2 1.8 + 0.3 
1.5 + 0.3 4.5 + 0.4” 8.3415 1.6 + 0.4 
0.9+0.02 2540.18 9.0 + 1.0 1.8 + 0.2 
1.140.045 274048 55721 1.5 + 0.7 






LES = lower esophageal sphincter; SP = sphincter pressure; GP = gastric pressure. 
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Fig 2. Resting lower esophageal sphincter pressures 
after Nissen fundoplication compared with a normal 
control and a myectomized animal. (Baseline 
markings = 1 cm withdrawals. HPZ = high-pressure 
zone.) 


While parenterally administered pentagastrin 
produced a marked increase in the amplitude 
and length of the lower esophageal sphincter in 
normal controls, no response could be demon- 
strated in any of the postoperative groups. 


Comment 
A few experimental studies have compared the 
Nissen, Belsey, and Hill procedures using objec- 


toeo‘ 





tive measurements of lower esophageal sphinc- 
ter function in a controlled fashion. Bombeck 
and associates [2] studied a variety of 
sphincter-enhancing procedures in dogs whose 
lower esophageal sphincter was rendered in- 
competent by myectomy. Only the Nissen fun- 
doplication wads uniformly successful in pre- 
venting reflux as assessed by cinefluorography 
and esophageal biopsy. Unfortunately, man- 
ometric studies were not performed. In addi- 
tion, inherent differences in the muscular 
anatomy of the canine and human esophagus 
make extrapolation of results uncertain [8, 9]. 
Butterfield’s postmortem studies [4] used 
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Fig 3. Resting lower esophageal sphincter pressures 
after each of the four experimental procedures. 
(Baseline markings = 1 cm withdrawals. HPZ = 
high-pressure zone.) 
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Fig 4. Mean amplitude of lower esophageal sphincter 
pressure in the postoperative groups compared with 
controls. (*p values obtained by comparison with 
controls.) 


human cadaver stomachs filled with water to 
compare the effectiveness of the Nissen, Belsey, 
and Hill repairs. Although the Nissen and Hill 
repairs were satisfactory, the circumstances 
were hardly physiological. 

The majority of clinical studies reported suffer 
from a lack of objective preoperative and post- 
operative documentation of lower esophageal 
sphincter function. Many series also include 
cases complicated by stricture, bleeding, and 
previously unsuccessful repairs. Such circum- 
stances make valid comparisons extremely 
difficult. Perhaps the most comprehensive com- 
parative clinical study was that of DeMeester 
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and associates [6] in which the Nissen, Belsey, 
and Hill procedures were evaluated. 
Esophagitis was present in 38 of 45 patients. 
Preoperative and postoperative studies in- 
cluded historical, radiographic, and manomet- 
ric assessments as well as pH reflux testing. The 
Nissen fundoplication was most effective in re- 
storing lower esophageal sphincter function and 
preventing reflux. Recently, Nicholson and 
Nohl]-Oser [15] have confirmed the superiority 
of the Nissen procedure as compared to the Bel- 
sey Mark IV in preventing gastroesophageal 
reflux in man. 

The experimental study compared the effec- 
tiveness of the Nissen, Belsey, and Hill proce- 
dures in restoring function to the lower 
esophageal sphincter rendered incompetent by 
myectomy. Subdiaphragmatic transposition of 
the myectomized segment was included to as- 
sess the effect of intraabdominal positioning on 
lower esophageal sphincter function, for some 
have suggested that establishment of an in- 
fradiaphragmatic segment of esophagus ex- 
posed to high intraabdominal pressure is critical 
to the surgical control of reflux [11, 14]. 

Our data indicate that fundoplication is sig- 
nificantly more effective than either the Belsey 
or Hill procedure in restoring resting lower 
esophageal sphincter pressure to normal levels. 
Positioning the myectomized distal esophagus 
intraabdominally was ineffective in restoring a 
high-pressure zone and in preventing reflux. 
Restoration of lower esophageal sphincter pres- 
sure correlated positively with protection 
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Fig 5. Mean distal esophageal pH after reflux testing 
in the postoperative groups compared with controls. 
(*p values obtained by comparison with controls.) 


against reflux as shown in the pH reflux test and 
thus lends support to the concept that fundopli- 
cation succeeds at least in part by mechanical 
strengthening of the lower esophageal sphinc- 
ter. Restoration of lower esophageal sphincter 
length seemed relatively less important since 
reflux occurred after the Belsey and Hill proce- 
dures, which restored sphincter lengths to nor- 
mal. 

Both the Nissen and Belsey procedures re- 
stored the adaptive response of the lower 
esophageal sphincter to normal levels, whereas 
the Hill posterior gastropexy and the subdia- 
phragmatic transposition procedure were less ef- 
fective. The clinical studies of DeMeester and 
colleagues [6] and DiMarino and co-workers [7] 
revealed a similar deficiency in the gastropexy. 
The explanation, although uncertain, may relate 
to the lesser degree of fundic wrapping used in 
this operation. Whatever the explanation, this 
aspect of lower esophageal sphincter function, 
which is believed to be neural in origin, was 
restored by two of the experimental procedures, 
suggesting that their effect on sphincter func- 
tion is more than merely mechanical. 

The absence of a sphincteric response to pa- 
renteral pentagastrinin our postoperative groups 
is perplexing. Evidence of a gastrin response 
after Belsey and Hill repairs has been presented 
in the clinical study of Lipshutz and associates 
[13]. Siewart and colleagues [17] presented ex- 


perimental evidence of a comparable gastrin re- 
sponse after fundoplication in myectomized 
dogs. Additional in vitro studies by this group 
disclosed that canine fundic muscle responded 
to gastrin in a way very similar to the lower 
esophageal sphincter. In contrast, in vitro . 
studies by Lipshutz and associates [12] compar- 
ing the gastrin dose response curves of fundic, 
lower esophageal sphincter, and proximal 
esophageal muscle strips in the opossum 
suggested the presence of gastrin receptors in 
the lower esophageal sphincter but not in adja- 
cent gastric musculature. In short, it seems 
plausible that a species-dependent difference 
may exist with regard to the gastrin sensitivity 
of fundic muscle, which could explain the ab- 
sence of a gastrin response in our experimental 
animals. 
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Discussion 


DR. DAVID B. SKINNER (Chicago, IL): This study dem- 
onstrates that a cat having the misfortune of losing its 
distal esophageal muscle is better off being recon- 
structed by a full rather than a partial fundoplication. I 
have no disagreement with this conclusion, nor with 
the experimental methods. The study does confirm 
previously reported observations and concepts, but it 
does not advance our understanding of the antireflux 
mechanisms. 

Two factors contribute to the success of antireflux 
operations for restoration of the high-pressure zone. 
One is the creation of an intraabdominal segment of 
the small-diameter swallowing tube entering the 
large-diameter gastric pouch in a common pressure 
chamber. The laws of physics indicate that the 
smaller-diameter tube should have a greater wall ten- 
sion. Dr. Leonardi has shown that this is true even if 
the esophageal muscle is excised and the wall is su- 
tured to the rim of the hiatus to hold the tube in an 
open position. This law of Laplace is the basis for 
stressing the importance of an intraabdominal seg- 
ment of esophagus in these repairs. 

The second factor in the antireflux operation is 
mechanical compression of the swallowing tube by 
the partial or full fundoplication. This wrap contrib- 
utes to the amplitude of the high-pressure zone. Of 
the several repairs, the full Nissen fundoplication 
causes the greatest increase in pressure and will make 
a competent antireflux valve, even if left in the chest 


(as Dr. Ellis Jones reported to this society in 1970) or 
even when done as an in vitro cadaver repair, as 
Butterfield has reported. 

Our own previously published patient data show 
that pressure is raised more by the Nissen fundoplica- 
tion than by the partial fundoplication described by 
Belsey and Hill. DeMeester’s randomized patient 
study also showed this, and Dr. Leonardi has re- 
confirmed this in a different animal species. 

The real unsettled clinical controversy is not 
whether the full fundoplication is a tighter antireflux 
valve—which it is in both human and animal 
studies—but whether a less tight partial fundoplica- 
tion coupled with placement of an intact esophageal 
wall in an intraabdominal position, which is also 
known to control reflux, will do so with less gas-bloat 
syndrome and inability to belch or vomit. A study in 
cats with a circular myectomy, which shows that full 
fundoplication is better than partial, is not applicable 
to this current clinical debate. It is applicable, how- 
ever, to a patient I treated recently for a circumferen- 
tial leiomyoma of the distal esophagus. The tumor 
was resected, leaving the mucosal tube intact. Recon- 
struction using the full fundoplication worked very 
well, and the high-pressure zone and reflux control 
were maintained. 


DR. JOEL COOPER (Toronto, Ont, Canada): We have 
evaluated lower esophageal pressure of the Collis- 
Belsey repair by measuring intraesophageal pressures 
in 9 patients during the various phases of the opera- 
tion itself. We were aided in this by using the new 
MP-3 transducer. This miniature transducer contains 
three small transducers spaced 5 cm apart. Because it 
can be felt in the esophagus at the time of operation, 
the surgeon can be very precise as to the exact location 
of the individual transducers. 

Postoperative manometric studies were done using 
a fluoroscope to locate the transducers with the aid of 
metallic clips left at the upper and lower ends of the 
gastroplasty during the procedure. At operation a gas- 
troplasty tube 5 cm long was created from the lesser 
curvature of the stomach. The transducers were then 
advanced into the stomach and slowly withdrawn 
into the esophagus. In each instance, as soon as the 
transducer reached the lowest limit of the gastroplasty 
tube, there was a sharp increase in pressure. When 
the transducer was withdrawn past the upper end of 
the gastroplasty, there was a sharp fall in pressure. 
Thus the entire gastroplasty tube functions as a new 
high-pressure zone. It is hormonally sensitive, re- 
laxes on swallowing, responds dramatically to injec- 
tion of pentagastrin by increasing its tone, and relaxes 
when buscopan is given intravenously. After the Bel- 
sey fundoplication has been added, the pressures are 
rerecorded, and an even higher pressure is recorded 
in the gastroplasty tube. 

In an intraoperative study we showed that pressure 
rose in one lead as the transducer was withdrawn 
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from the stomach into the gastroplasty, and then fell 
sharply as soon as the transducer left the gastroplasty. 
The pressure reached about 55 to 60 cm H:O. Prelimi- 
nary data on 9 patients studied showed the average 
preoperative pressure to be 15 cm H,O. After anes- 
thesia, with the chest closed or open, the pressure was 
about the same, 13 to 15 cm H,O. After operation the 
pressure in the gastroplasty averaged 30 cm H,O, 
which rose to 57 upon completion of the Belsey fun- 
doplication and repair. One week postoperatively the 
pressure in the gastroplasty was 36 cm H,O; at three 
months it still seemed to be holding; and we have 
some six-month data suggesting itis staying at about 
the same level. 

It is really 700 soon to say how these data relate to 
the quality of the clinical results obtained. 
DR. LEONARDI: I wish to thank the; discussants, Drs. 
Skinner and Cooper, for their comments. Dr. Skinner 
raised a point about the importance of the intraab- 
dominal position of the lower esophagus as part of the 
antireflux mechanism and interpreted our experimen- 
tal data as supporting this concept. While it is true 


that the myectomized segment showed a slight pres- 
sure increase when advanced into an intraabdominal 
position, its level of pressure (4.0 + 1.5 cm H:O) was 
insignificant compared with the normal cat’s lower 
sphincter pressure and was well below that achieved 
by all the antireflux techniques studied. While we 
generally reestablish an intraabdominal esophagus 
when treating patients with a sliding hernia and 
hypotension of the lower sphincter, we are not reluc- 
tant to leave the esophagus wrapped by gastric fun- 
dus within the chest, providing that the stomach can- 
not be obstructed by the diaphragmatic hiatus. This is 
accomplished by widening the hiatus somewhat and 
is most applicable in instances of a short esophagus. 

This experimental study sheds no light on the risk 
of the gas-bloat syndrome following the Nissen pro- 
cedure. However, in our clinical experience the gas- 
bloat syndrome following a Nissen procedure is ex- 
ceedingly rare. We believe this is explained by the 
placement of a 36F mercury-filled dilator or Ewald 
tube within the esophagus during performance of the 
plication. This precaution ensures that the wrap is not 
too tight. 
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for Repair of Congenital Cardiac Lesions 
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ABSTRACT Dacron valved conduits or aortic allo- 
grafts were placed between the right heart and the 
pulmonary artery for repair of various complex con- 
genital cardiac anomalies in 56 patients (aged 15 days 
to 33 years; median, 11 years). Forty-four patients had 
a total of 56 previous palliative procedures, which 
contributed to postoperative morbidity and mortal- 
ity. Six patients had a total of seven episodes of early 
or late sepsis involving the conduit. One patient, 
treated for early sepsis, again developed infection in 
the Hancock graft 1 year postoperatively and died. 
Three other patients, 2 with calcified allografts, de- 
veloped infections 4 months to 7 years following re- 
pair and required graft replacement. Hemodynamic 
data 1 month to 5 years (mean, 1.6 years} following 
repair revealed mild to moderate obstruction (< 45 
mm Hg gradient) at the Hancock conduit valve ring in 
13 of 19 patients, while 5 had large pressure gradients 
(> 75 mm Hg). All aortic allografts had severe 
obstruction and calcification necessitating graft re- 
placement. It is anticipated that improved technique 
and appropriate timing of palliative and corrective 
operations will substantially reduce or eliminate 
these problems. 


While some forms of cyanotic congenital heart 
disease were corrected soon after the advent of 
cardiopulmonary bypass, lesions that lacked 
continuity between the systemic venous ventri- 
cle and the pulmonary artery remained a chal- 
lenge until the mid 1960s [4, 14]. A valved con- 
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duit to bridge the anatomical barrier was used in 
1966 by Ross [17] in a patient with ventricular 
septal defect (VSD) and pulmonary atresia (PA). 
This provided a conceptual breakthrough that 
was quickly extended to other complex congeni- 
tal cardiac lesions such as truncus arteriosus 
communis (TAC) in 1968 [5], {S,D,D}* transposi- 
tion of the great arteries (d-TGA), VSD and pul- 
monic stenosis one year later [13], and tricuspid 
atresia (TA) in 1971 [2]. 

In the 10 years since valved conduits were first 
used, important advances have been made both 
in the understanding of these lesions and in 
surgical techniques. The purpose of this review 
is to make clear some of the present advantages 
and limitations of valved conduits in right heart 
reconstruction. 


Clinical Material 

Between October, 1972, and November, 1976, 56 
patients had a valved conduit placed from the 
right side of the heart to the pulmonary arteries 
at Children’s Hospital Medical Center, Boston. 
The age of the patients at the time of repair 
ranged from 15 days to 33 years (mean, 11 
years) (Fig 1). Two operations were performed 
in the first month of the patient's life, and 9 
patients were 5 years of age or younger. Initially, 
4 patients received a frozen irradiated aortic 
allograft. Since July, 1973, all have had place- 
ment of a Dacron conduit containing a porcine 
aortic valve (Hancock Laboratories). The pri- 
mary diagnosis in the 56 patients is listed in 
Table 1. Thirty-two patients had severe forms of 
tetralogy of Fallot, including 23 with infundibu- 
lar or valvular atresia, 2 with anomalous origin 
of the left anterior descending coronary artery 
from the right coronary artery, and 10 with 
either congenital or acquired absence of one 
pulmonary artery. There were 9 patients with 


*Situs solitus, p-loop of ventricle, p position of aorta. 
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NUMBER OF PATIENTS 


Fig 1. Distribution of the 56 patients by age. 


d-TGA, 7 with VSD and subpulmonic stenosis 
(PS), 1 with a single ventricle, and 1 with a 
hypoplastic right ventricle and overriding 
tricuspid valve. There were 8 children with 
truncus arieriosus. Two had previously had re- 
pair at another institution by means of an aortic 
allograft and required reoperation because of 
calcification, obstruction, and infection of the 
allograft. The other 7 patients had either 
double-outlet right ventricle (2 patients), 
{S,L,L}* TGA, VSD and PS (2 patients), PA 
with intact ventricular septum (IVS) (1 patient), 
or TA (2 patients). 

Forty patients had a total of 52 palliative 
shunts performed prior to repair, and 2 with 
increased pulmonary blood flow had had previ- 
ous pulmonary artery banding (Table 2). Ten 
patients had associated anomalies requiring 
correction (Table 3). 

Generally, the clinical indications for opera- 
tion were increasing cyanosis and decreasing 
exercise tolerance secondary to diminished 
pulmonary flow. For those patients younger 
than 4 years of age, most of whom had truncus 
arteriosus, intractable congestive heart failure 
and increased pulmonary artery pressure were 
valuable determinants for operation. All opera- 
tions were done on cardiopulmonary bypass 
with moderate hypothermia (30°C), except for 2 
infants who underwent repair of TAC by means 
of deep hypothermic circulatory arrest. Five 
patients who were reoperated on for graft replace- 


*Situs solitus, t-loop of ventricle, t position of aorta. 





ment were placed on peripheral cardiopulmo- 
nary bypass using femoral vessels prior to open- 
ing the sternum. All VSDs were closed with a 
knitted Dacron patch. Initially, the proximal 
orifice for conduit reconstruction was created 
with a transverse ventriculotomy and excision of 
a small button of ventricular wall. However, in 
the last 18 months a smoother exit of the conduit 
without proximal angulation has been obtained 
with a vertical incision and little or no excision 


of ventricular muscle. Three patients, 2 with TA 


and 1 with PA and IVS, had Hancock conduits 
interposed between the right atrium and pul- 
monary arteries. (Two patients with type Ib TA 
repaired with a nonvalved conduit are excluded 
from this review.) Two patients required a bifur- 
cated conduit constructed by interposing a 12 
mm Dacron graft between the Hancock conduit 
(distal to the valve) and the right pulmonary 


artery. One child had a partially thrombosed 


right pulmonary artery and the other had had a 
previous Glenn anastomosis. 

Routinely, at the time of operation we have 
placed left atrial, right atrial, and radial artery 
catheters to monitor blood pressure and ven- 
tricular filling pressures, and we recently have 
placed catheters through the right ventricular 
free wall, across the conduit, into the main pul- 
monary artery (23 patients). This allows mea- 
surement of residual left-to-right shunts (if pres- 
ent) as well as pressures and gradients in the 
conduit when the catheter is removed 24 to 48 
hours postoperatively. 

Cardiac catheterization is routinely recom- 
mended for all patients 1 year postoperatively. 
To date, hemodynamic data are available for 23 
patients 1 month to 5 years (mean, 1.6 years) 
after repair. All had right heart catheterization 
and right ventricular cineangiography and 16 
had left heart studies. 


Early Results 

Hospital mortality was 21% (12 of 56 patients). 
and seemed to be related more to the severity of 
the underlying disease than to age (see Fig 1). 
Four of 32 patients with tetralogy of Fallot died 
shortly after their corrective procedure. One 
18-year-old girl had pulmonary vascular 
obstructive disease secondary to longstanding 
bilateral Blalock-Taussig shunts and had inter- 
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Table 1. Distribution of Lesions Repaired 





ee Mortality 

Lesion Defects Hospital Late 
Tetralogy of Fallot 32 4 1 

Pulmonary atresia 23% 

Single pulmonary artery 10 
Double-outlet RV 2 0 0 
TGA {S,D,D} 9 

VSD + PS 7 0 1 

HRV + OTV® 1 0 

Single ventricle 1 1 0 
TGA {S,L,L}, VSD, + PS* 2 0 1 
Tricuspid atresia” 2 1 0 
Truncus arteriosus communis 8 4 0 
Pulmonary atresia + IVS? 1 1 0 

Total 56 12 (21%) 3 (7%) 


*One patient had both pulmonary atresia and single pulmonary artery. 


>Conduit interposed between RA and PA. 
Conduit interposed between LV and PA. 


TGA = transposition of the great arteries; VSD = ventricular septal defect; PS = subpulmonic stenosis; HRV = hypoplastic 
right ventricle; OTV = overriding tricuspid valve; IVS = intact ventricular septum; RV = right ventricle; PA = pulmonary 


artery; RA = right atrium; LV = left ventricle. 


Table 2. Previous Surgical Procedures in Patients 
Studied 


Procedure No. of Operation 


Previous shunts “52 
Blalock-Taussig? 22 (6 bilateral) 
Waterston 11 
Potts 
Glenn 
Blalock + Glenn 
Blalock + Potts 
Blalock + Waterston 
Potts + Waterston ; 

Blalock-Hanlon 2 


Pulmonary artery 2 
banding 

Previous corrective 5 
procedures 


Total 61 


H m o OR 


aTwo Blalock shunts were end-to-end anastomoses. 


Table 3. Associated Cardiovascular Lesions 


Lesion No. of Patients 





Patent ductus arteriosus 
Atrial septal defect 

Truncal valve regurgitation 
Aortopulmonary window 


Total anomalous pulmonary 
venous connection 


Total 10 


me me UWUR 


mittent severe hemoptysis postoperatively. She 
had a cerebrovascular accident 1 month post- 
operatively and died. A 33-year-old man, the 
oldest patient in this series, had undergone 
a Blalock-Taussig shunt in 1947 and had severe 
left ventricular failure and secondary renal in- 
sufficiency (BUN 100 mg/100 ml) preoperatively. 
He had low cardiac output syndrome postopera- 
tively and died of combined renal and cardiac 
insufficiency. Two patients died from uncon- 
trolled hemorrhage during operation: 1 during 
dissection of a left Blalock-Taussig shunt and 1 
during dissection of the right limb of a throm- 
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Fig 2. Actuarial survival curves. Fifteen patients 
have now reached at least 30 months following 


repair. 


bosed bifurcated graft 33 months after the initial 
repair. 

Two patients with d-TGA died: 1 of unrecog- 
nized cardiac tamponade and 1 of low cardiac 
output syndrome following septation repair of a 
type A2 single ventricle. There were 2 deaths 
early in the series following graft interposition 
from the right atrium to the pulmonary artery: a 
4-year-old patient had PA, IVS, a Waterston 
shunt, and a high left ventricular end-diastolic 
pressure, while the other had TA, a Potts shunt, 
and mild to moderate pulmonary vascular 
obstructive disease. Neither patient would be 
considered for this repair by today’s criteria. 
Four patients with truncus arteriosus died. Two 
were less than 1 month of age and 1, aged 17 
months, had pulmonary vascular obstructive 
disease. Another developed acute tubular ne- 
crosis and a hemorrhagic diathesis postopera- 
tively. 

Major complications not directly related to the 
conduit occurred in 27 of the 56 patients (Table 
4). Five patients (Table 5) had early sepsis (< 60 
days following repair). Two patients developed 
a mediastinal abscess; 1 was cured by antibiotics 
and open drainage. Three patients had early 
graft infections (more than 60 days following 
repair), all of which were treated with antibiotics 
alone. Following a 12-month asymptomatic 
interval, 1 of these patients died from late infec- 
tion of the Hancock conduit. 


Table 4. Complications Not Related to Conduit 


Complication No. of Patients 


Cardiac 10 
Tamponade 
Arrhythmias * 
Transient CHB 
Permanent CHB 
Pulmonary 5 
Hemoptysis 1 
Respiratory insufficiency 2 
and atelectasis 
Phrenic nerve palsy 2 
Renal 
ATN 2 
CNS 
CVA l 1 
Hepatic 
Hepatitis i 1 
Total 27 


NON OP 


“Three patients had transient supraventricular tachycardias, 
1 a transient nodal bradycardia, and 1 persistent premature 
ventricular contractions. 


CHB = complete heart block; ATN = acute tubular necrosis; 
CVA =. cerebrovascular accident; CNS = central nervous 
system. 


Table 5. Management of Sepsis 


Sepsis A A+D A+GR 


Mediastinal abscess 2 (1) 
Early graft infection 3? 
Late graft infection 1 (1) 3 (1) 


"One patient, treated for presumed early graft infection, 
died of an infection of the prosthesis 12 months later. Num- 
bers in parentheses represent deaths. 


A =. antibiotics; D = drainage of abscess; GR = graft re- 
placement. 


Twenty-three patients had pulmonary artery 
or right ventricular pressure determinations 
within the first 48 hours postoperatively using 
the indwelling catheters. Mean pulmonary ar- 
tery pressure was available in 18, and peak sys- 
tolic pressure was greater than 35 mm Hg in 9 
(50%) (Fig 3). The mean right ventricular systolic 
pressure was 47 mm Hg in 23 patients, with 17 
having a pressure greater than 35 mm Hg. Nine 
of 18 patients had peak systolic gradients from 
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Fig 3. Early (24 hours) postoperative pulmonary 
artery pressure in 18 patients. Thirteen patients had 
had previous palliative shunts preoperatively; 5 had 
not. 


pulmonary artery to right ventricle ranging from 
6 to 78 mm Hg (mean, 23 mm Hg), and 9 had no 
gradient. Five patients had evidence of a re- 
sidual left-to-right shunt, and 2 of these under- 
went early reoperation in the first postoperative 
week for closure of a residual VSD. Both sur- 
vived reoperation and are well. The other 3 had 
small residual shunts (Q,/Q, < 1.5/1). 


Late Results 


The actuarial survival rate for 44 patients leaving 
the hospital after repair is 93%. Duration of 
follow-up ranges from 1 to 51 months (mean, 
25.3 months), with 15 patients now followed 
more than 30 months postoperatively. 

Alllate complications have been related to the 
valved conduit. There have been 4 late graft in- 
fections (see Table 5). One patient, treated with 
antibiotics alone for early Hancock conduit in- 
fection, developed septicemia again 1 year later 
and died during antibiotic therapy. Two others 
developed infections in their calcified stenotic 
aortic allografts and were managed by antibiot- 
ics and graft replacement. Both survived and 
are well. One patient with a Hancock conduit 
developed late infection but died of persistent 
sepsis after graft replacement. 

Follow-up hemodynamic data are available 
for 23 patients 1 month to 5 years (mean, 1.6 
years) after repair. All4 patients with aortic allo- 
grafts had marked stenosis of the graft. Two had 
suprasystemic pressure in the right ventricle, 
and 3 had right ventricular failure. None of the 
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Fig 4. Late postoperative pressure gradients across 
the Hancock conduits. Six patients had gradients at 
multiple levels. 


19 patients with Hancock conduits had calcifica- 
tion on chest roentgenogram or by fluoroscopy, 
but 2 have angiographic evidence of thrombus 
in the graft. The patient with tricuspid atresia 
and a right atrial-pulmonary artery conduit had 
no pressure gradient across the graft; however, 
the 18 others with Hancock conduits had some 
degree of obstruction between the right ventri- 
cle and pulmonary artery. Eleven patients had 
gradients at the distal end of the conduit (4-98 
mm Hg; mean, 31 mm Hg), 5 at the valve (10-42 
mm Hg; mean, 23 mm Hg) and 10 at the distal 
anastomosis (4-60 mm Hg; mean, 35 mm Hg) 
(Fig 4). Six had gradients at multiple levels. In 
the majority (13 of 18) the total gradient was less 
than 45 mm Hg. Only 3 of 18 patients had ele- 
vated right ventricular end-diastolic pressures, 
and all had normal cardiac output. Two patients, 
1 with a gradient at the level of the valve and 
another with pulmonary artery hypertension, 
have murmurs of pulmonary insufficiency. 

A significant residual VSD (QQ, > 2/1) was 
present in 1 of 22 patients (4.5%), while 5 others 
had small residual defects (Q/Q,< 1.5/1). Only 2 
patients have both early and late hemodynamic 
data for comparison. Neither patient demon- 
strated a change in the right ventricular pressure 
or gradient across the conduit 1 and 2 years 
following repair. 


Comment 


The initial results from the use of valved con- 
duits in this difficult group of complex lesions is 
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encouraging [6, 7]. Nevertheless, the complica- 
tions and hemodynamic residua following re- 
pair are important. The purpose of reviewing 
our experience with the use of valved conduits 
was, at least in part, to discern those problems 
inherent in the conduit itself from those that are 
technical and thus potentially subject to im- 
provement. 

The advantage of inserting a valved conduit 
rather than patching the right ventricular out- 
flow tract is that the hemodynamic burden on 
the right ventricle from acute and longstanding 
pulmonary regurgitation is reduced, especially 
in patients with pulmonary hypertension. Ten 
patients in our series had congenital or acquired 
absence of one pulmonary artery in association 
with severe tetralogy of Fallot, and all had at 
least some degree of pulmonary artery hyper- 
tension preoperatively. While the mortality fol- 
lowing repair without a valved conduit of such 
patients is reported to be high [1, 20], all 10 
patients with a valved conduit in our series are 
alive and well, suggesting that a valve may con- 
tribute to improved survival [9]. 

Pulmonary artery hypertension may also be 
present in these patients secondary to either 
large palliative shunts, thrombosis of pulmo- 
nary arterioles secondary to cyanosis and 
polycythemia, or hypoplasia of the pulmo- 
nary arterial system. Of the 18 patients in whom 
pulmonary artery pressure was measured in the 
immediate postoperative period, 13 had some 
degree of pulmonary artery hypertension. These 
patients all had systemic-pulmonary artery 
shunts preoperatively, whereas none of the 5 
without palliative shunts had pulmonary artery 
hypertension (see Fig 3). 

While palliative shunts certainly extend sur- 

‘vival of patients whose malformations limit 
_ pulmonary blood flow, the detrimental effects of 
`. chronic volume overload may eventually lead to 

“left ventricular dysfunction, and the increased 

- flow to the development of pulmonary vascular 
obstructive disease. This contributed largely to 
the morbidity and mortality in our series. In 
addition, obstruction or complete loss of the 
pulmonary artery at the level of anastomosis 
may occur. Two deaths in our series were di- 
rectly attributable to the takedown or repair of a 

shunt. Qur data support the conclusion of 


Moore and associates [11] who, on the basis of 75 
patients who had a valved conduit placed, be- 
lieve the primary cause of mortality and morbid- 
ity is the anatomical and physiological changes 
secondary to systemic—pulmonary artery shunts. 
On the other hand, the use of valved con- 
duits in infants must be considered pallia- 
tive in the sense that grafts of limited size re- 
quire replacement to accommodate increased 
cardiac output with growth. However, early re- 
pair has the potential advantage of minimizing 
the irreversible anatomical and functional changes 
resultant from chronic systemic~pulmonary 
artery shunts. With these considerations in 
mind, we now prefer repair at age 4 to 5 years 
(or approximately 20 kg body weight), when 
one can generally use a large conduit (No. 18 
Hancock). In younger children we would ` 
create a palliative shunt and replace it with a 
conduit at about that age. 

Sepsis is a potential hazard following repair 
with prosthetic material [19]. Although medias- 
tinal infection occurred in 3 patients in the im- 
mediate postoperative period early in our series, 
no mediastinal abscess has occurred since 1974 
(in the last 28 patients). We are concerned with 
the risk of primary infection of the conduit (early 
or late) since it is prosthetic material on the right 
side of the heart proximal to protective bacterial 
filtering mechanisms of the lungs [12]. How- 
ever, other than Thompson and associates, who 
documented 4 instances of endocarditis in 28 
patients repaired with an aortic allograft and 
Dacron extension, there are few reports of graft 
infections [18]. In our series, 1 patient treated 
successfully for sepsis in the immediate post- 
operative period again developed infection of 
the Hancock conduit 1 year postoperatively and 
died of septicemia and respiratory insufficiency 
during antibiotic therapy. Three other patients, 
2 with aortic allografts, developed late infections 
and needed graft replacement for infected pros- 
theses 4 months to 7 years following initial re- 
pair. Whether calcification of the allograft influ- 
ences susceptibility to infection has not yet been 
determined. 

All4 patients repaired with an aortic allograft 
had marked obstruction to flow and heavy cal- 
cification of the conduit. While all centers using 
aortic allografts report at least some calcification 


229 Norwood et al: Valved Conduits for Repair of Congenital Cardiac Lesions 


Weight (Kg) 





16 18 20 22 24 26 
Conduit Valve Diameter (mm) 


Fig5. Distribution of Hancock conduit size in 17 
patients according to body weight (see Fig 6). The 
solid line was derived by linear regression with a 
correlation constant of 0.78. 
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Fig 6. Distribution of pulmonary blood flow (PBF) 
determined late postoperatively in 18 patients with 
Hancock conduits of various size. The closed circles 
represent patients with pressure gradients at the 
level of the conduit valve ring. The solid line is 
generated by the fourth power of the conduit radius 
(x°) and is positioned to isolate those with gradients. 


of the graft, the degree of calcification and its 
hemodynamic sequelae appear to be related to 
the method of graft preparation [10]. The allo- 
grafts used in our series were frozen and 
sterilized with gamma irradiation. The walls of 
fresh, antibiotic-preserved allografts also cal- 
cify, but this calcification has not yet resulted in 
impaired function of the valve (follow-up now 
more than 8 years) [11]. Patients with severe 
allograft obstruction in our series were all im- 
proved by replacement of the aortic allograft 
with a Hancock conduit. To date we have no 
evidence of deterioration of the Hancock con- 
duits. 


Despite the now widespread use of valved 
conduits, little is known about the long-term 
hemodynamicresultin these patients [15, 16]. In 
our series, 18 patients had some degree of 
obstruction between the right ventricle and the 
pulmonary artery. Thirteen of 18 had pressure 
gradients less than 45mm Hg, while 5 had se- 
vere obstruction (PSEG > 75 mm Hg) (see Fig 4). 

The obstruction has been found at three sites: 
the junction of the conduit with the right ventri- 
cle, the level of the valve ring, and the conduit- 
pulmonary artery anastomosis. Several reports 
conclude that stenosis at or near the proximal 
anastomosis can result from compression of the 
conduit by the sternum or from severe posterior 
angulation resulting from the position of the 
pulmonary artery in d-TGA [8, 10]. In only 1 of 
our patients were we able to document compres- 
sion by the sternum, and only 1 of 2 patients 
with d-TGA had a high proximal gradient. We 
now think that the primary determinant of prox- 
imal gradients in our patients is the manner in 
which the ventricular orifice was fashioned. 
Since August, 1975, the proximal orifice has 
been created by a vertical ventriculotomy with 
little or no excision of ventricular muscle. As yet, 
only 1 patient so treated has been restudied, and 
she has an 11 mm Hg gradient at the proximal 
anastomosis. We anticipate that proximal gra- 
dients can be substantially reduced or elimi- 
nated by technical improvements. 

Gradients at the valve level are primarily a 
function of pulmonary blood flow and conduit 
size. While we use no specific formula to ascer- 
tain the appropriate size of conduit for each in- 
dividual patient, the largest size accommodated 
within the mediastinum and by the pulmonary 
arteries is selected for each patient. As might be 
expected, a direct relationship between body 
weight and the size of the Hancock conduit used 
is generated by such a procedure (Fig 5). Of the 
19 patients with late hemodynamic follow-up, 
only 5 had a pressure gradient at the level of the 
porcine valve ranging from 10 to 42 mm Hg 
(mean, 23). All5 patients had increased pulmo- 
nary blood flow from a residual VSD (Q,/Q, 
range, 1.4 : 1 to 1.8: 1) (Fig 6). With normal 
pulmonary flow the gradients would be reduced 
or eliminated. 

The distal anastomosis, at the time of opera- 
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tion, was generally believed to be widely patent. 
Nevertheless, 10 of the 18 patients had gradients 
between the distal conduit and pulmonary ar- 
teries. While the anastomotic site did not appear 
kinked or otherwise compromised on cinean- 
giography, 8 of the 10 patients with distal pres- 
sure gradients had a narrowed or deformed 
main or right pulmonary artery secondary to a 
previous systemic-pulmonary artery shunt. 
Since it is often difficult to determine precisely 
the level of the distal anastomosis during pressure 
determinations, the distal gradients may in part 
be related to anatomical abnormalities of the 
pulmonary arteries. 

The concept of external valved conduits has 
greatly expanded the scope of surgical manage- 
ment of patients with a variety of complex con- 
genital cardiac malformations. While the initial 
results are encouraging, there is a high inci- 
dence of complications and persistent hemody- 
namic abnormalities. From this early experience 
it appears that the hemodynamic residua, mor- 
bidity, and mortality stem in large part from 
anatomical and functional changes in the pul- 
monary arteries and left ventricle caused by pal- 
liative shunts, and from the mechanical problem 
of positioning the conduit in a smooth course 
from the right heart to the pulmonary arteries. It 
is anticipated that improved technique and ap- 
propriate timing of operation will substantially 
reduce or eliminate these problems. The poten- 
tial of late sepsis of the conduit is real, and care- 
ful attention to antibiotic prophylaxis is man- 
datory. 
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Discussion 

DR. GORDON K. DANIELSON (Rochester, MN): I have 
analyzed this excellent series in great detail. Perhaps 
the only surprise for me was the finding of several 
instances of late infection in the Hancock conduit 
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series. I say surprising, because to my knowledge we 
have not seen late infection in our series. However, it 
is known that prosthetic woven grafts in general 
probably never heal in the sense that they develop an 
endothelium, and therefore are always at risk of infec- 
tion from a bacteremia. The authors’ suggestion that 
these patients receive endocarditis prophylaxis seems 
appropriate. 

More than half of their patients had tetralogy of 
Fallot. While we would agree to the use of a conduit 
for complex forms of tetralogy of Fallot, including 
those associated with absent pulmonary artery, for the 
syndrome of absent pulmonary valve with aneurys- 
mal pulmonary arteries, for tetralogy with pulmonary 
vascular obstructive disease due to previous 
systemic-pulmonary shunts, and for those with an 
anomalous left anterior descending coronary artery 
arising from the right coronary artery, we probably 
would not use a conduit for those patients with valvu- 
lar or subvalvular atresia, favoring, instead, the time- 
tested outflow tract of pericardium. Whether or not 
conduits will be extended for every instance of tetral- 
ogy of Fallot that requires a patch across the outflow 
tract and pulmonary annulus will depend in large part 
on the long-term performance of conduits as revealed 
by studies such as those presented by Dr. Norwood. 

The only point of disagreement that we might have 
with respect to technique is that we would use larger, 
or even oversize, conduits for our younger patients. 
For example, in the 5-year-old patient we would try to 
place a 22 or 25 mm conduit instead of an 18 mm 
conduit. This practice decreases the gradient across 
the valve in the conduit and perhaps also reduces the 
proximal and distal anastomotic gradients. It obviates 
the need for conduit replacement with further growth 
of the patient. 

Finally, it is interesting to note the total mortality 
over the last three years for the three most common 
lesions requiring conduit reconstruction: pulmonary 
atresia, 10%; truncus arteriosus, 9%; transposition, 
8%—total patients, 411. These risks are now ap- 
proximating those for repair of tetralogy of Fallot. 


DR. ROBERT J. SZARNICKI (London, England): We have 
used conduits since 1971 at the Hospital for Sick Chil- 
dren, London. 

Sixty-four patients were operated on. Thirty-four 
had transposition complexes. Fourteen had truncus 
arteriosus, while the remainder had pulmonary atre- 
sia, double outlet ventricles, tricuspid atresia, and 
tetralogy of Fallot. It is interesting to note that the 
spectrum of patients treated with conduits is quite 
different in our series than in the Boston series. Thus 
53% of our patients were transposition complexes. 

Our next largest group is truncus arteriosus, which 
includes 3 patients with hemitruncus anatomy. Only 
2 patients, or 3% of the total, had tetralogy of Fallot, 
whereas in the series presented, tetralogy of Fallot 
comprised 57% of the total. We continue to use an 


outflow patch in tetralogy of Fallot. Exceptions are 
made in the presence of abnormal coronary artery 
distribution, which prevents adequate enlargement 
of the outflow tract without injury to the major coro- 
nary vessels, and for those patients in whom pulmo- 
nary hypertension has resulted from a previous 
aortopulmonary shunt. I would like to ask the au- 
thors what their specific indications are for the use of 
conduits in tetralogy of Fallot. 

The second point I would like to raise is that of the 
incidence of gradients at the proximal anastomosis. 
Although we have not restudied all patients yet, in 
those we have restudied, the gradient between the . 
right ventricle and the conduit was 30 mm Hgin 1 and 
less than 10 mm Hg in the remaining 7. 

We always make a wide anastomosis, and we are 
careful that the conduit is placed well to the left or 
right of midline to avoid sternal compression. To 
facilitate this, the pleural space is opened widely and 
the pericardium is incised anterior to the phrenic 
nerve. In addition, partial thymectomy has been per- 
formed recently to further reduce the risk of compres- 
sion at the distal anastomosis. 


DR. FREDERICK O. BOWMAN (New York, NY): Begin- 
ning in March, 1967, we have had experience with 
66 patients who required restoration of right 
ventricular-pulmonary artery continuity. In 22 in- 
stances an aortic homograft was used; in 44 instances, 
a Hancock valved conduit. 

Since implanting the first conduit in May, 1971, I 
have found the Hancock conduit to be a very satisfac- 
tory prosthesis, which has withstood high residual 
pulmonary artery pressure. The proximal gradients, 
as mentioned by the previous discussants, have not 
been a problem in our series as far as we know. We 
believe this is partially due to a vertical right ven- 
triculotomy and a very wide proximal anastomosis. 
The valve gradients, as they have also mentioned, 
have been minimal, provided that an adequate size 
prosthesis can be used. Residual distal gradients have 
been found to relate to technical anastomotic prob- 
lems such as the size of the vessels. And we also have 
noted no late valve or graft failures, and to our knowl- 
edge there have been no late infections. 

An example of the versatility of the Hancock con- 
duit is seen in a patient with truncus arteriosus, type 
IV, and partially stenotic pulmonary arteries arising 
from the descending aorta. In using a right 
thoracotomy and a median sternotomy, an 8 cm seg- 
ment of descending aorta containing the pulmonary 
arteries was isolated and replaced with a Dacron graft. 
The VSD was closed. Right ventricular-pulmonary 
artery continuity was reestablished with along valved 
conduit to the isolated aortic segment (now part of the 
main pulmonary artery). While only one such repair 
has been performed, and only early follow-up results 
are available, we think this technique may be bene- 
ficial in certain of these difficult cases. 
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DR. DONALD R. KAHN (Madison, WI): During the past 4 
years, 32 children with severe tetralogy of Fallot had 


their hypoplastic outflow tract enlarged: 15 children . 


with a valved conduit and 17 with the conventional 
outflow patch. There were 3 operative deaths (2 after a 
conduit and 1 after outflow patch repair) and no late 
deaths. All surviving patients in both groups are clin- 
ically asymptomatic, with the exception of 1 patient 
with a residual VSD. Eleven patients were re- 
catheterized 12 to 28 months postoperatively. 

With an outflow patch, the immediate postopera- 
tive right ventricular-pulmonary artery (RV-PA) gra- 
dients were 0 to 20 mm Hg and did not change on 
recatheterization. The gradient is probably due to the 
large total flow across the RV outflow, because all 
patients have major pulmonary regurgitation. With 
the valved conduit, the immediate postoperative 
RV-PA gradients were also 5 to 20 mm Hg, but late 
studies in 2 patients revealed that their gradients had 
increased to 35 and 60 mm Hg, respectively. The gra- 
dients appear to be at the xenograft valve. There is no 
major pulmonary insufficiency with the conduit. 

The outflow tract patch is our present choice be- 
cause the long-term risk of obstruction of the valved 
conduit outweighs the disadvantage of pulmonary 
insufficiency. The valved conduit is used when the 
patient has a large bronchial flow and pulmonary 


hypertension or when important coronary arteries 
cross the right ventricular outflow. 


DR. NORWOOD: I thank the discussants for their com- 
ments. I think the issue raised is primarily a matter of 
terminology. We concur with van Praagh that pulmo- 
nary atresia with VSD is simply an extreme form of 
tetralogy of Fallot. In fact, in most of these patients the 
pulmonary atresia is acquired. Of the 32 patients with 
tetralogy of Fallot, all had either pulmonary atresia or 
congenital or acquired absence of one pulmonary ar- 
tery. Generally, these patients had longstanding pal- 
liative shunts and pulmonary artery hypertension. 
We certainly are not recommending routine repair of 
simple tetralogy of Fallot using an external conduit. 

The gradients across the proximal anastomosis 
have been disturbing to us. We agree with all the 
discussants that the widest possible anastomosis, 
using a vertical incision, should reduce or eliminate 
these gradients. In fact, since adopting this technique 
we have seen a large reduction in gradients. Recently, 
only 1 of 33 patients had a pressure difference of 11 
mm Hg in the immediate postoperative period. How- 
ever, these patients have not yet come to late follow- 
up cardiac catheterization, which is why they were 
not mentioned in the paper. 
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Life-Threatening Hemorrhage 
from Inadvertent Cervical Arteriotomy 
M. Terry McEnany, M.D., and W. Gerald Austen, M.D. 


ABSTRACT Catastrophic hemorrhage followed ac- 
cidental puncture of the carotid artery or its branches 
during attempted preoperative insertion of flow- 
directed balloon-tipped pulmonary artery catheters 
in 2 patients who underwent open cardiac proce- 
dures. Direct repair of two carotid artery lacerations 
was necessary in 1 patient; the second patient slowly 
resorbed a large extrapleural hematoma without sur- 
gical intervention. This experience suggests that pa- 
tients experiencing such seemingly innocuous but 
potentially disastrous arterial injuries should not be 
heparinized, and that any procedure involving car- 
diopulmonary bypass should be postponed for sev- 
eral days to allow safe healing of the laceration. 


The development of the flow-directed pulmo- 
nary artery catheter [6] led to an era of improved 
monitoring and patient care, the benefits of 
which have been most obvious in the in- 
traoperative and postoperative management of 
patients with cardiovascular disease [1]. The 
concomitant growth of cannulation of the sub- 
clavian and internal jugular veins for direct ac- 
cess to the intrathoracic cavae and right atrium 
[4, 5] has made quick insertion of the pulmonary 
artery catheter a practical reality and has con- 
tributed to its increasing popularity. However, 
many complications of central venous cannula- 
tion, both fatal and nonfatal, have been reported 
[2]. These involve inadvertent perforation 
of adjacent nonvenous structures, laceration 
of the vein, and aspiration of lethal quantities 
of air through the introducing cannula in 
hypovolemic patients. Rigid protocols have 
been devised and successfully followed to 
minimize the frequency and severity of compli- 
cations. Presently there is an acceptably low 
complication rate for internal jugular venous 
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cannulation in general surgical and medical pa- 
tients [3]. The addition of total heparinization in 
patients undergoing cardiopulmonary bypass 
may exaggerate otherwise innocuous ar- 
teriotomies, however. Recent experience in 2 
patients with recognized arterial penetration 
during insertion of a flow-directed pulmonary 
artery catheter prior to the induction of anes- 
thesia for a cardiac operation has prompted us to 
recommend postponement of cardiopulmonary 
bypass for several days following any such inci- 
dent. 


Technique 

The internal jugular approach, first described by 
Hermosura and associates [4], has been used at 
the Massachusetts General Hospital since 1970 
with excellent results and few complications. A 
standard technique has been developed to help 
minimize complications and ensure successful 
cannulation of the internal jugular vein when 
large catheters, such as triple-lumen flow- 
directed balloon-tipped pulmonary artery 
catheters,* are used. The landmarks and direc- 
tions described by Civetta and colleagues [3] are 
used, but the hardware has changed. 

A No. 11 blade is used to make a5 mmincision 
through the skin over the point of insertion. A 
16-gauge Argyle Medicut cathetert is then used 
to cannulate the internal jugular vein, aspirating 
continuously to detect vessel entry. When ve- 
nous blood is aspirated, the inner needle is re- 
moved, leaving the plastic catheter in the vein. 
The wire guide from an 8F Desilets Hoffman 
percutaneous catheter introducert is inserted 
into the plastic catheter. The Medicut catheter is 


*Swan-Ganz flow-directed triple-lumen catheter, No. 93- 
114-7F, Edwards Laboratories, 17221 Red Hill Ave, Santa 
Ana, CA 92705. 


t16-gauge Argyle Medicut, Aloe Medical, St Louis, MO 
63103. 


fDesilets Hoffman percutaneous catheter introducer, No. 
007166-8F, USCI, Division of C. R. Bard, Inc, Billerica, MA 
01821. 
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removed, and the Desilets catheter introducer 
sheath is threaded over the wire guide into the 
vein; the wire is then removed. The pulmonary 
artery catheter is inserted through the sheath 
into the jugular vein, then into the pulmonary 
artery in routine fashion [6]. 

The advantages of this maneuver are obvious: 
(1) it takes little time; (2) the use of the small, 
sharp, plastic-sheathed needle minimizes the 
chance of vascular injury; and (3) the technique 
can be readily taught, as all steps are measured 
and unhurried. 

Minor injuries to, or entries into, the carotid 
or other cervical arteries probably occur in- 
frequently, and in the presence of normal coagu- 
lation these are of no clinical importance and 
could be expected to heal without vascular or 
neurological sequelae. 


Patient 1 

A 59-year-old man with angiographically dem- 
onstrated three-vessel coronary artery disease 
anda left ventricular end-diastolic pressure of 33 
mm Hg was admitted with unstable angina 
pectoris. His hypertension of 170/120 was 
associated with severe, prolonged pain that 
responded only to vasodilator therapy. He con- 
tinued to have angina associated with pulmo- 
nary edema and was operated upon the third 
hospital day. Prior to induction of anesthesia, as 
an intraaortic balloon was being inserted, an 
attempt was made to pass a pulmonary artery 
catheter through the right internal jugular vein. 
Pulsatile bright red bleeding was noted from the 
exploring 16-gauge needle. The needle was im- 
mediately withdrawn, and digital pressure was 
placed on the neck for 25 minutes. After that 
interval there was no evidence of continued 
bleeding, and because of the patient’s severe 
ongoing myocardial ischemia, the decision was 
made to proceed with the coronary artery bypass 
operation. 

Three bypass grafts were constructed, to the 
left anterior descending, obtuse marginal cir- 
cumflex, and posterior descending coronary ar- 
teries, with endarterectomy of the last two 
vessels. After the patient was weaned from 
cardiopulmonary bypass, a massive hematoma 
involving the right side of the neck, the right 
half of the face, and the entire periorbital region 


was noted. At this time arterial blood was seen 
coming into the mediastinum from the neck. 
The sternotomy incision was quickly closed, but 
as preparations were being made to explore the 
right neck, the patient developed progressive 
signs of low cardiac output, and the sternum 
was reopened for resuscitation. All vein grafts 
were intact, and there was no tamponade. The 
patient improved with infusion of blood and 
catecholamines. The neck hematoma had grown 
even larger during this episode, so the neck was 
quickly explored through an oblique incision. 
We evacuated a large amount of arterial blood 
under pressure. Two holes in the common 
carotid artery and two large through-and- 
through wounds in the internal jugular vein 
were controlled with sutures. Drains were 
placed in the neck, which was then closed along 
with the sternotomy wound. 

The intraaortic balloon was removed after four 
days, and the rest of the patient’s hospitalization 
was remarkably benign. He was discharged on 
the fifteenth postoperative day. When seen 
twenty months postoperatively, the patient was 
working as a full-time sheriff's deputy and a 
part-time home builder. 


Patient 2 
A 55-year-old woman was admitted to the Mas- 
sachusetts General Hospital with a five-month 
history of recurrent exertional dyspnea and 
catheterization-proved calcific mitral restenosis 
and pulmonary hypertension following a closed 
mitral valvotomy six years earlier. In prepara- 
tion for the induction of anesthesia, attempts 
were made to insert a pulmonary artery catheter 
using the right internal jugular vein. Upon as- 
pirating to ascertain the position of the explor- 
ing needle, bright red pulsatile blood flow was 
obtained. The needle was removed, and pres- 
sure was applied to the patient’s neck for fifteen 
minutes. Examination of the neck then revealed 
no hematoma, thrill, or murmur. The patient 
was in no distress, and we proceeded with the 
operation. An extremely calcified and stenotic 
mitral valve was removed and replaced with a 27 
mm Bjork-Shiley prosthesis. 

The initial postoperative chest roentgeno- 
gram revealed a right extrapleural apical collec- 
tion (Fig 1). This was not treated surgically, and 
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Fig 1. Initial postoperative chest roentgenogram in 
Patient 2. There is a large density in the right 
apicomedial thorax. 


the size of the apical collection stabilized over 
the first 24 postoperative hours (Fig 2). The pa- 
tient had transient hyperbilirubinemia, and she 
was discharged on the fourteenth postoperative 
day. The chest roentgenogram revealed no re- 
sidual hematoma at the right apex six months 
postoperatively, at which time the patient was 
doing well. 


Comment 


Arterial puncture during attempted insertion of 
subclavian or internal jugular venous catheters 
occurs infrequently. Although Vandeghen and 
co-workers [7] reported a 20% incidence (10/52) 
of arteriotomy during subclavian venous 
catheterization in 1964, most published reports 
have noted an occurrence of less than 2% [2]. 
These arterial entries have rarely been fatal. 
However, Wisheart and associates [8] reported 
fatal laceration of the ascending cervical artery in 
a patient who underwent cardiopulmonary 
bypass shortly after attempted insertion of a 
pressure-monitoring line into the right internal 
jugular vein. They suggested that hepariniza- 
tion of a patient shortly following puncture of an 
artery not available for digital compression and 
control adds to the potential risks of such a mis- 


Fig 2. Chest roentgenogram 9 days postoperatively 
(Patient 2). The right extrapleural collection has 
become well defined and stabilized. 


hap. Their patient exsanguinated after an apical 
extrapleural hematoma, radiologically identical 
to that seen in Patient 2 (see Fig 1), ruptured into 
the right pleural cavity. Our experience has 
shown that visual monitoring of the neck for as 
long as 25 minutes is neither satisfactory nor 
sufficient to ensure that the arteriotomy is con- 
trolled adequately to prevent massive bleeding 
following the administration of heparin in a 
dosage of 3 mg per kilogram. Massive hemor- 
rhage in our 2 patients, not detectable while the 
cardiac procedure was being performed, fol- 
lowed reopening of otherwise innocent arterial 
punctures. 

In Patient 1 the cardiac procedure was not 
elective, and postponement of the coronary 
bypass operation was not feasible. However, in 
the second instance, delaying the patient's mitral 
valve operation for several days would not have 
exposed her to more risk. Following these two 
incidents we have postponed, for one to five 
days, elective cardiac operations in 8 patients 
whose carotid artery, or one of its branches, was 
entered during attempted insertion of an inter- 
nal jugular catheter, with no hemorrhagic, arte- 
rial, or cardiac complications occurring at the 
time of the ultimate cardiopulmonary bypass. 
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We suggest that all elective procedures involv- 
ing total-body heparinization be postponed 
following the recognized puncture of the sub- 
clavian or carotid arteries or one of their inac- 
cessible branches. 
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Aneurysm of Pericardial Right 
Ventricular Outflow Tract Patches 


Walter Seybold-Epting, M.D., Luigi Chiariello, M.D., 
Grady L. Hallman, M.D., and Denton A. Cooley, M.D. 


ABSTRACT Among 1,022 patients who underwent 
repair of tetralogy of Fallot, 252 received a pericardial 
patch of the right ventricular outflow tract; of these, 
10 subsequently developed an aneurysm of the right 
ventricular outflow tract. Cardiac catheterization and 
angiography revealed moderate pulmonary insuf- 
ficiency in all patients, a residual pressure gradient in 
the right ventricular outflow tract in 7, and a residual 
ventricular septal defect in 2 patients. Reoperation 
was indicated in 8 patients because of progressive 
distention of the aneurysm, residual infundibular or 
pulmonary artery stenosis, and recurrent ventricular 
septal defect. Reconstruction of the right ventricular 
outflow tract was accomplished by resection of the 
aneurysm and insertion of a woven Dacron patch in 5 
patients, primary suture of the pulmonary artery in 2, 
and implantation of a woven Dacron conduit contain- 
ing a Bjork-Shiley cardiac valve prosthesis in 1 pa- 
tient. There were no early or late deaths. When recon- 
struction of the right ventricular outflow tract is 
necessary, we recommend a woven Dacron patch be- 
cause pericardium may form an aneurysm. 


Many patients with severe tetralogy of Fallot 
require patch reconstruction of the right ven- 
tricular outflow tract (RVOT). Ivalon resulted in 
many false aneurysms [2, 6]. Woven Teflon was 
used often in the early 1960s but was relatively 
rigid and was often associated with postopera- 
tive hemorrhage. After a short period, however, 
Teflon was superseded by pericardium. At the 
Texas Heart Institute, pericardial patches have 
been used since 1964 for reconstruction of a 
hypoplastic RVOT in patients with tetralogy of 
Fallot. Some patients later developed aneurysms 
of the RVOT. We present our current experience 
with this rare complication. 
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Materials and Methods 


Between January 1, 1956, and December 31, 
1974, 1,022 patients underwent surgical correc- 
tion of tetralogy of Fallot at the Texas Heart Insti- 
tute. Approximately 60% of these patients re- 
quired patch reconstruction of a hypoplastic 
RVOT. Between 1964 and 1972, pericardium 
mainly was used as patch material, and 252 pa- 
tients received a pericardial patch of the RVOT. 
Of the 252 patients, 10 (4%) developed an 
aneurysm of the pericardial patch. 


Anatomical Findings and Operative Technique 


The records and operative reports of the 10 chil- 
dren who developed an aneurysm of a pericar- 
dial patch were reviewed. All had severe infun- 
dibular stenosis associated with a hypoplastic 
pulmonic annulus. The pulmonary valve was 
atretic in 2 patients. In 1 child only the right 
pulmonary artery was present. 

Extensive infundibulectomy and pulmonary 
valvectomy were performed and a large pericar- 
dial patch was implanted into the RVOT across 
the pulmonic annulus in all 10 patients. Because 
of stenosis of the left pulmonary artery at the 
bifurcation, the pericardial patch was extended 
beyond the bifurcation into the left side in 1 
patient. Exploration of the mediastinum was 
necessary in 1 patient because of postoperative 
hemorrhage. 


Clinical Findings and Cardiac Catheterization Data 
Six months to 3 years after repair, the 10 patients 
were readmitted to the Texas Heart Institute for 
evaluation of an increasing bulge along the left 
cardiac border observed on sequential roent- 
genograms. Only 1 child had symptoms (short- 
ness of breath on moderate exertion), and this 
patient had a residual ventricular septal defect 
(VSD) in addition to an aneurysm. 

Cardiac catheterization and angiography 
were performed in 9 children. Seven patients 
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had a pressure gradient in the RVOT ranging 
between 15 and 50 mm Hg. The location of the 
pressure gradient was identified in the supra- 
valvular level or at the bifurcation in 5 patients 
and was caused by residual infundibular 
stenosis in 2. 

A residual VSD with a flow ratio of 2 : 1 was 
found in 2 patients. One of these, as described 
earlier, had limited activity and shortness of 
breath on moderate exertion. The resistance 
ratio in this patient was caculated at 0.29, indi- 
cating peripheral pulmonary vascular obstruc- 
tive disease. Moderate pulmonary regurgitation 
was present in all patients. Angiography, per- 


Biplane cineangiogram showing (A) large aneurysm 

of the right ventricular outflow tract caused by false 
aneurysm of pericardial patch. Note right 

pulmonary artery stenosis (B) which, after 

transection of the aorta, was relieved by insertion of 
along woven Dacron patch extending transversely 
across the bifurcation into the left and right pulmonary 
arteries. The main pulmonary artery and right 
ventricle were sutured primarily after resection of 

the aneurysm. 
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formed in 8 patients, revealed a large aneurysm 
of the RVOT (Figure). 


Surgical Treatment 


Operation was deemed unnecessary in 2 pa- 
tients who demonstrated slowly progressing di- 
latation of the pulmonary artery on serial roent- 
genograms. In the remaining 8 the indications 
for correction were progressive distention of the 
aneurysm (8), recurrent VSD (2), residual infun- 
dibular stenosis (2), and residual pulmonary ar- 
tery stenosis (5) (Table 1). 

A midsternal approach was used in all 8 chil- 
dren. Extensive adhesions between the pericar- 
dium and the heart were incised carefully and 
only as far as necessary for cannulation. Car- 
diopulmonary bypass was initiated before the 
aneurysm of the pulmonary artery was dis- 
sected. In 1 patient the aneurysm was attached 
to the sternum, and femoral cannulation was 
used prophylactically. 

In most patients the pericardial patch proved 
to have ballooned out and was extremely friable. 
False aneurysms were found in 2 patients. After 
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Table 1. Indication for Resection of an Aneurysm of 
the Right Ventricular Outflow Tract in 8 Patients 


Indication No. of Patients 
Progressive distention 1 
alone 
Progressive distention and 2 
infundibular stenosis 
Progressive distention and 3 
pulmonary stenosis 
Progressive distention, 2 


pulmonary stenosis and VSD 


VSD = ventricular septal defect. 


resection of the aneurysm, the RVOT was recon- 
structed with a large woven Dacron patch in 5 
patients. In 4 patients the patch extended past 
the bifurcation of the pulmonary artery, reliev- 
ing peripheral pulmonary artery stenosis. In 1 of 


these patients the ascending aorta was tran- . 


sected, and a long woven Dacron patch, extend- 
ing from the right pulmonary artery across the 
bifurcation to the left, was inserted. The aorta 
was then reanastomosed, and the main pulmo- 
nary artery and right ventricle were sutured 
primarily after excision of the aneurysm. In 3 
patients the pulmonary artery was dilated. In 2 
of these patients the pulmonary artery and out- 
flow tract could be sutured primarily after exci- 
sion of the aneurysm. The third patient also had 
a residual shunt and peripheral pulmonary vas- 
cular disease; therefore, the main pulmonary 
artery was replaced with a woven tube graft 
containing a Bjork-Shiley valve (Table 2). In 2 
patients a recurrent VSD was closed with a knit- 
ted Dacron patch. 

Microscopical studies in 4 patients revealed 
sclerosis and calcification of the aneurysmal 
pericardium. Chronic inflammation was pres- 
ent in 1 patient. 


Results 


All patients survived operation, and no major 
postoperative complications occurred. Of the 8 
patients treated surgically, 7 are doing well. The 
1 child who received an RVOT conduit is in 
Class II according to the New York Heart Associ- 
ation Functional Classification. Repeat cardiac 
catheterization of this patient one year post- 


Table 2. Reconstructive Procedure for Aneurysm of 
the Right Ventricular Outflow Tract in 8 Patients 


Procedure No. of Patients 
True aneurysm 6 
Resection, woven Dacron 5 
patch 
Resection, primary suture of 1 


pulmonary artery 


False aneurysm 2 
Resection, primary suture of 1 
pulmonary artery 
Resection, woven tube 1 
conduit with Björk-Shiley ` 
valve 





operatively revealed stenosis of the valve con- 
duit with a gradient of 50 mm Hg. 


Comment 


Folowing surgical repair of tetralogy of Fallot, 
the most common late complications are a recur- 
rent (or residual) VSD and a residual pressure 
gradient across the RVOT [6]. The incidence of 
aneurysms of the RVOT after repair with 
pericardial patches is reported to range between 
6 and 25% [2, 3, 8]. Among our series of 252 
patients who received a pericardial patch of the 
RVOT, 10 patients (4%) developed aneurysms. 

The size of the pericardial patch is considered 
one of the etiological factors in the formation of 
the aneurysm. Hawe [2] reported a high inci- 
dence (18%) when a large pericardial patch was 
used and observed a reduced occurrence, to less 
than 2%, when smaller, teardrop-shaped peri- 
cardial patches were applied. In our patients 
all aneurysms developed after large pericardial 
patches were placed across the pulmonary 
annulus—some extending to the bifurcation of 
the pulmonary artery. 

Similar to other investigators [5, 6, 8], we 
noted a close correlation between formation of 
an aneurysm of the RVOT and obstruction of the 
RVOT or an overload of the right heart due to a 
residual shunt. Five of our patients had 
peripheral pulmonary artery stenosis and 2 had 
residual infundibular stenosis. In 2 patients a 
residual VSD was present, creating an overload 
of the right side of the heart. All patients had 


240 The Annals of Thoracic Surgery Vol 24 No 3 September 1977 


pulmonary valve insufficiency. No aneurysm of 
a pericardial patch occurred in our patients who 
underwent reconstruction of the pulmonary ar- 
tery after pulmonary artery debanding. In these 
patients there usually is no pulmonic insuf- 
ficiency and no circulatory overload. Kawashima 
and associates [4] demonstrated that a high 
pressure gradient does promote formation of 
an aneurysm of a pericardial patch used to close 
a VSD. 

Some authors have said that true pericardial 
aneurysms tend to stabilize [2, 3, 8]. Our experi- 
ence does not confirm this. Six of our patients 
with surgically treated RVOT aneurysms had 
true aneurysms with progressive distention. 
Surgical exploration revealed that they were fri- 
able. In 2 patients the pericardial patch had ex- 
panded to the extent that little of it could be 
identified at operation. Furthermore, the an- 
giographic distinction between a false and true 
aneurysm may be difficult. Although no rupture 
of such an aneurysm has been reported, our 
policy is to explore and resect every aneurysm of 
the RVOT showing progressive distention. 

In 1972, to prevent the rare complication of 
formation of an aneurysm of the RVOT, we 
abandoned the use of pericardium for recon- 
struction of a hypoplastic RVOT. We now 
use woven Dacron cloth. This material can be 
trimmed easily. Fraying of the woven mate- 


rial is avoided by tailoring the patch with an 
electric cautery (Accu-Temp).* Since using 
woven Dacron patches, we have not encoun- 
tered an aneurysm of the RVOT. 


*Concept, Inc, Airport Station, St Petersburg, FL 33732. 
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Aneury 


sms of the Abdominal Aorta: 


Whether or Not, When, and Whom? 


Francis Robicsek, M.D. 


ABSTRACT Recently, those who profess conserva- 
tive views concerning management of aneurysms of 
the abdominal aorta argued against operative treat- 
ment, saying that the mere presence of an aneurysm is 
an indication that a patient often suffers from an 
advanced, terminal stage of diffuse arteriosclerosis 
and that operation in this patient is futile because it 
does not prolong life. 

The experience reported here represents a contrary 
view. Four hundred and eighty consecutive patients 
were followed from three to ten years postopera- 
tively. Although the survival rate of these patients 
was lower than that of the general population of com- 
parable age, it remained significantly higher than 
that of patients with known aneurysms who did not 
have the benefit of surgical treatment. 


If one studies the history of cardiovascular 
surgery, one cannot help but be amazed at the 
skill and speed with which the surgeons of our 
time have solved problems left untouched in 
previous centuries. However, one may also 
notice that some of the problems thought to have 
been eliminated previously still show up in the 
medical literature with the regularity of Nessie, 
the Monster of Loch Ness. Such a question is 
whether or not, and when, to operate on abdom- 
inal aneurysms. 

Defenders of the conservative approach have 
argued that in some patients large aneurysms 
may remain asymptomatic for decades [5, 58], 
that asymptomatic aneurysms seldom rupture 
[25, 58], and that small aneurysms are definitely 
harmless [3, 7, 45]. Proponents of surgical treat- 
ment have proved quite convincingly that the 
bearer of a large aneurysm—asymptomatic or 
not—will probably bleed to death from it if it is 
not operated on [4, 9, 10, 18, 23, 28, 29]. They 
have also shown that rupture of small 
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aneurysms, though less likely to occur, certainly 
js not rare [9, 16, 27, 30]. 

More recently, those who profess conserva- 
tive views have come forward with a new, seem- 
ingly pertinent argument against operative 
treatment. Several well-written articles [28, 29] 
have reported that the mere presence of an 
aneurysm frequently is an indication that the 
patient is suffering from an advanced, often 
terminal, stage of diffuse arteriosclerosis. Thus 
his outlook for the future is gloomy whether or 
not the aneurysm is removed, and operation in 
these patients, because it does not prolong life, 
is futile [3, 4, 45, 58]. This is a 180-degree turn in 
the debate. The initial argument was that opera- 
tion is unnecessary because the patient will live 
anyway; now it is said that operation is useless 
because the patient will die anyway. 

Our own experience has been contrary to 
these views. Scanning the literature for results 
similar to ours, we found ample evidence that a 
patient with an aneurysm, if not operated on, 
probably dies soon. However, only a few reports 
indicated that the likelihood of long-term survi- 
val after a successful resection makes the opera- 
tion worthwhile [12, 13, 16, 22, 51]. Our own 
observations, made on 480 consecutive patients, 
show that the life expectancy of a patient after 
operation for abdominal aneurysm, while cer- 
tainly below that of the average population, is 
undoubtedly high enough to justify the opera- 
tion. 


Material 


From 1965 to 1975 we operated on 480 patients 
with aneurysms of the abdominal aorta [32-44]. 
The aneurysm had ruptured preoperatively in 66 
of these patients, was symptomatic but not rup- 
tured in 189, and was asymptomatic in 225. 
Thirty-two percent of the patients suffered 
from hypertension, 41% had a history or clinical 
evidence of heart disease, and 22% were 
diabetic—findings similar to those described by 
others [53, 54, 56, 59]. Operation was generally 
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Fig 1. Survival figures compared with projected 
survival time of general population. 


recommended for all the patients, regardless of 
age or associated chronic conditions, seen dur- 
ing this 10-year period. Only the combination of 
very old age and extreme debilitation, uncon- 
trolled malignancy, or severe renal dysfunction 
was regarded as an absolute contraindication to 
operation. Of the 480 patients seen, 462 under- 
went graft replacement with woven or knitted 
Dacron prostheses, and in 18 patients the tech- 
nique of external grafting without aortic resec- 
tion was applied [33,38]. i 
Of the total number of patients, 403 survived 
operation and left the hospital alive, giving a 
total hospital mortality of 16%. There were 36 
deaths (55%) in the group with rupture and 31 
deaths (7.5%) in those with unruptured 
aneurysm. Of the 40 (8.3%) lost to long-term 
follow-up, 23 are known to have died during the 
decade of observation, but no adequate records 
of the cause of their demise or date of death were 
found. These 40 patients were completely 
excluded from the long-term study. — 
_ The survival rates for the 440 patients are 
i given'in Figure 1. We have compared our survi- 
val figures with the projected survival time of 
the general population [14] as well as with those 
‘of several of the reported series of operated and 
unoperated patients with aneurysms of the ab- 


dominal aorta (Fig 2). A comparison was also ` 


made between the survival rates of patients with 
and without a history of heart disease and 
hypertension who underwent resection of un- 
ruptured aneurysm. 

We found that a number of factors influenced 
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Fig 2. Survival rates of patients with and without 
heart disease and hypertension. 


both early death and long-term survival follow- 
ing aneurysm resection. Concerning operative 
mortality, the single most important factor ap- 
peared to be whether or not the aneurysm was 
ruptured. While our surgical mortality with un- 
ruptured aneurysms has gradually decreased to 
an acceptable level of 6.5% during the past three 
years, the mortality rate with ruptured aneu- 
rysms has not improved, and in the past de- 
cade, in spite of better patient transport facil- 
ities, has even increased and now stands at 65%. 
This fact alone appears meaningful enough to 
warrant early elective operation for this disease 
[10, 11]. The presence or absence of associated 
cardiac disease and systemic hypertension 
weighed somewhat unfavorably in the post- 
operative longevity, but even these patients 
fared considerably better than those reported in 
the unoperated series. 

We have tried to establish the cause of late 
deaths in our series with reasonable certainty 
and were able to do so for 93 patients (Table). 
Our single most important finding was confir- 
mation of the fact, previously established in the 
literature [12, 16, 50, 51], that while the survival 
rate of patients who undergo aneurysm resec- 
tion is lower than that of the general population 
of comparable age, itis significantly higher than 
that of patients with known aneurysm who do 
not have the benefit of surgical treatment. 


Comment 


The clinical course of unoperated aneurysms of 
the abdominal aorta was unknown until 1950, 
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Cause of Late Death of 93 Patients Operated 
on for Aneurysm of the Abdominal Aorta 


No. of 
Cause Patients 
Complications traceable 6 
directly to the graft 
Heart cisease 63 
Pulmonary insufficiency 6 
Pneumonia (acute) 4 
Cancer 6 
Other 8 


when Estes [15] made the first adequate attempt 
to delineate the natural history of the disease. 
DeBakey [12], Szilagyi [51], Foster [16] and many 
others have since presented evidence that the 
life expectancy of a patient with an abdominal 
aneurysm can be valuably extended by removal 
of the lesion. Therefore, they recommend opera- 
tion in all patients except those for whom death 
due to other causes appears imminent. 

This radical view has been challenged both 
directly and indirectly. Attempts have been 
made to divide patients into different groups— 
those who should and those who should not be 
operated on. Usually three factors—the size of 
the aneurysm, symptoms referable to it, and 
presence of associated cardiac disease—are con- 
sidered [45]. ‘Some authors believe that small 
aneurysms (7 cm ọřless in diameter) should be 
operated on only for compelling reasons (recent 
growth or progressive symptomatology, par- 
ticularly pain [3, 6, 19]). Others, like Gliedman 
and colleagues [20], recommend operation for all 
aneurysms, but only when the patient is a good 
surgical risk. This view is supported by some, 
like Crane [7] and Ottinger [30], who treated 
patients whose “small” aneurysms had rup- 
tured. In a larger series, Szilagyi [50] reported 
that the life expectancy of patients with small 
aneurysms is 1.6 times better with operation. 
Such observations indicate that all aneurysms 
should be resected regardless of size. Ballinger 
[1] found several patients in the Johns Hopkins 
Hospital series with ruptured aneurysms that 
were considerably less than 6.cm in diameter. 

An, additional point is how to estimate accu- 
rately the size of an aneurysm [18, 19, 21]. While 
aortography is excellent for delineation of the 


extent of the aneurysm [35], it is less accurate, 
because of the presence of laminated clot [55], in 
defining anatomical diameter unless the 
aneurysm is fully calcified. Wesolowski [55] 
suggests that if the aneurysm is big enough to be 
palpated it should be regarded as “large” and 
should be operated upon. But what of the over- 
weight patient in whom even a very large 
aneurysm cannot be felt with certainty [42, 46]? 
To us, the only reasonable action is removal of all 
aneurysms, large or small, except for very 
specific reasons. 

The controversy also extends to symp- 
tomatology. While the consensus is that rup- 
tured and very painful expanding aneurysms 
should be operated on, some authors, like Blain 
[4] and Wolffe [58], advise against operation in 
all asymptomatic aneurysms, regardless of their 
size. The majority of surgeons, however, believe 
that absence or presence of symptoms does not 
permit one to predict the period remaining be- 
fore rupture may occur [2, 7, 8, 13, 16, 52]. Ac- 
cording to Ballinger [1], “The symptom pattern 
is helpful, but often unreliable. Aneurysms rup- 
ture, symptomatic ones more commonly, but no 
one knows how much more commonly. Until we 
have reliable data, we should continue resecting 
all abdominal aneurysms” [1]- 

Bernstein [3], as well as others, also weigh 
whether the patient has any symptoms that in- 
dicate associated arteriosclerosis. Bernstein be- 
lieves that “the elderly patient with severe sys- 
temic arteriosclerosis represents a substantial 
surgical risk and should be operated on only for 
compelling reasons” [1]. On the other hand, Ot- 
tinger found that “advanced age and serious 
concurrent medical problems were the rule 
rather than the exception” in his series of oper- 
ated aneurysms [30]. Similar conclusions were 
drawn by Brindley and Stembridge [6] in.their 
postmortem studies. Friedman and co-workers 
also found that “surgical mortality appeared to 
be unrelated to the presence of coronary heart 
disease” [17]. . These authors considered as- 
sociated disease primarily as a factor affecting 
surgical mortality [31, 46-48]. DeBakey [12] and 
Szilagyi and associates [51], however, also in- 
vestigated the role of coronary heart disease and 
systemic hypertension in late postoperative 
survival. They found that both of these condi- 
tions, especially in combination, affected late 
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survival unfavorably, but that patients still fared 
much better than those who were not oper- 
ated on. 

Considering both operative mortality and 
long-term survival in assessing operative indi- 
cations for patients with abdominal aneurysm, 
physicians could be divided into the following 
groups, from the most conservative to the most 
radical (22, 24-26]: 


1. Those who would operate only on sympto- 
matic aneurysms [4, 58]. 

2. Those who would operate on all symptomatic 
aneurysms and also on large asymptomatic 
ones if there is no associated cardiovascular 
disease (such as coronary disease hyperten- 
sion) [8, 45]. 

3. Those who would operate on all symptomatic 
and all large aneurysms [20]. 

4. Those who would operate on all sympto- 
matic, all large, and all small aneurysms if 
patients are good surgical risks [1, 30, 49]. 

5. Those who would operate on all aneurysms 
unless death due to other causes is expected 
shortly [2, 9, 16, 27, 52, 57]. 


In analyzing published data as well as our 
own observations, perhaps our most important 
conclusion is that regardless of the anatomical 
features, clinical symptoms, and associated 
conditions, the patient has a far superior chance 
for long-term survival with surgical care than 
with expectant therapy, and therefore we join 
the stand of those who recommend operation for 
all patients suffering from aneurysms of the ab- 
dominal aorta. 
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Treatment of Severe Coronary Artery Disease 
with 5, 6, and 7 Saphenous Vein Bypasses: 
Review of 131 Consecutive Patients 


Gerald F. Geisler, M.D., Maurice Adam, M.D., Ben F. Mitchel, M.D., 
Cary J. Lambert, M.D., and J. Peter Thiele, M.D. 


ABSTRACT One hundred thirty-one consecutive 
patients who received 5, 6, and 7 bypass grafts are 
analyzed. Ages ranged from 31 to 74 years. The male- 
to-female ratio was 7 : 1. As an indication of severity 
of disease, 25% were classified as having impending 
myocardial infarction and 46.6% were classified in 
New York Heart Association Functional Class IV. 
Left ventricular function was impaired in 37.4%, and 
30% of the patients had left main coronary obstruc- 
tion. Nonfatal perioperative myocardial infarction 
occurred in 4.6%. The hospital mortality was 3%. 

One hundred percent follow-up (5 to 55 months) 
revealed 4 late deaths, 3 presumably of cardiac origin. 
Only 7 patients in the postoperative follow-up group 
have complained of angina; 1 has since undergone 
successful reoperation. 


Myocardial revascularization by direct bypass 
grafting for the treatment of coronary artery dis- 
ease is the most rapidly evolving technique in 
the field of surgery today. Favaloro and Effler 
[3-5] reported clinical experience with saphe- 
nous vein interposition grafts and single saphe- 
nous vein bypass grafts primarily to the right 
coronary artery. Johnson and Lepley [7] ex- 
tended the use of reversed saphenous vein 
bypass grafts to the left coronary distribution. 
Since 1968, surgical teams throughout the coun- 
. try have progressed from single-graft revas- 
cularization to double- and triple-bypass proce- 
dures, which were common by 1970 [9]. Ray and 
associates [11] have stressed the importance of 
the diagonal branches in performance of 
quadruple-bypass procedures. Stoney and col- 
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leagues [16] have suggested the possible value 
of revascularization of the first septal perforator. 
Harlan and co-workers [6] have recently re- 
ported their results with quadruple and quin- 
tuple saphenous vein bypass grafting. Complete 
revascularization of all ischemic myocardium is 
an important factor in decreasing operative risk 
[10]. 

Since March, 1972, when we performed our 
first quintuple coronary bypass procedure, 131 
consecutive patients with extremely extensive 
multiple-vessel coronary artery disease receiv- 
ing 5 or more bypasses have been analyzed. This 
group of patients was drawn from a total of 2,351 
patients who had coronary bypass operations. It 
represents 7.7% of all bypass procedures since 
our first quintuple bypass was performed. Of 
these 131 patients, 97 (74%) received 5 grafts; 29 
(22%) received 6 grafts; and only 5 (4%) received 
7 grafts. In the beginning of this series, separate 
veins were utilized for each bypass. From our 
experience and that reported by Bartley [2] and 
Sewell [13, 14], we have developed increasing 
confidence in the use of snake grafts, so that as 
many as 4 vessels might be bypassed with a 
single vein segment. This has been our more 
common practice in patients recently operated 
on. 

This report presents the rationale and tech- 
nique for multiple bypass grafting and an analy- 
sis of the results. 


Clinical Material 


One hundred thirty-one consecutive patients 
with coronary artery disease have received 5, 6, 
or 7 saphenous vein bypass grafts between 
March, 1972, and May, 1976, at the St. Paul Hos- 
pital and Baylor University Medical Center, Dal- 
las. Ninety-seven patients (74%) received 5 
bypass grafts; 29 patients (22%) received 6 
bypasses; and 5 patients (4%) had 7 bypass 
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grafts. Ages ranged from 31 to 74 years, with a 
mean age of 57.3. The male-to-female ratio was 
7:1. All but 2 patients had classic angina pectoris. 
These 2 individuals underwent treadmill stress 
testing as evaluation for recent fatigue or malaise. 
They were found to have major electrocardio- 
graphic abnormality as well as severe correlative 
coronary angiographic disease. 

According to the New York Heart Associa- 
tion’s (NYHA) Functional Classification for se- 
verity of anginal pain, 22 patients (16.8%) were 
in Class II, 46 (35.1%) were in Class MI, and 61 
(46.6%) were in Class IV. Thirty-three patients 
(25%) were classified as having impending 
myocardial infarctions; 3 of these were operated 
on in the course of acute myocardial infarction 
with impending extension of the infarction or 
the development of mitral insufficiency or left 
ventricular failure unresponsive to conventional 
medical means. Fifty-five patients (42%) had 
history or findings of prior myocardial infarc- 
tion. 

All patients underwent diagnostic coronary 
angiography preoperatively, and all but 2 had 
left ventriculographic studies. Ventriculograms 
were omitted in these 2 patients because of their 
critical clinical condition at the time of study. 

Of 594 arteries bypassed, 20% showed total 
occlusion, 47% showed 90 to 99% stenosis, 23% 
showed 75 to 89% obstruction, and 10% showed 
50 to 74% encroachment on the lumen. Forty 
patients (30%) had greater than 50% obstruction 
of the left main coronary artery in addition to 
severe major branch disease. 

Ventricular function was evaluated by right 
anterior oblique ventriculograms, and overall 
performance was graded as good, fair, or poor. 
Good ventricular function (ejection fraction 
more than 55% and no dyskinesia or 
hypokinesia) was present in 62.6% of the pa- 
tients. Fair ventricular function (ejection frac- 
tion from 30 to 55% and one area of dyskinesia, 
hypokinesia, or akinesia) was present in 26%. 
Poor ventricular function (ejection fraction less 
than 30%, left ventricular end-diastolic pressure 
greater than 15mm Hg, and two or more areas of 
dyskinesia, hypokinesia, or akinesia) was pres- 
ent in 11.4%. 

The left coronary artery received 542 bypasses 
(Fig 1). The left anterior descending coronary 
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Fig 1. Distribution of bypass sites in right coronary 
artery (152 patients). 


artery (LAD) was bypassed in all patients. (Ten 
patients received 2 bypasses to the LAD. Three 
of these bypasses were directed to large isolated 
first septal perforators.) The diagonal received 
132 bypasses. (Two diagonal branches were 
bypassed in 17 patients.) 

The circumflex system received 221 bypasses. 
Circumflex marginal branches received 182 
bypasses, and posterior ventricular branches of 
the circumflex or posterior descending branches 
of a dominant left coronary system received 39 
bypass grafts. The intermediate coronary re- 
ceived 48 bypasses. 

The right coronary artery received 152 by- 
passes (Fig 2); 24 were placed in the distal main 
right coronary, 92 into the posterior descending 
branch, and 36 into the groove continuation ora 
large left ventricular branch. 

Five patients required concomitant carotid 
endarterectomy because of coexisting sympto- 
matic cerebrovascular insufficiency at the time 
of operation. Three patients required perma- 
nent pacemakers: 1, an aortic valve replacement; 
and 1, resection of left ventricular aneurysm. An 
intraaortic balloon was utilized as a cardiac as- 
sist device in 9 patients preoperatively recog- 
nized to be unusually high risks. 


Operative Technique 


Standard operative techniques were followed. A 
bubble oxygenator was used to maintain a high 
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Fig 2. Distribution of bypass sites in left coronary 
artery (542 patients). 


flow of 2.4 liters per square meter of body sur- 
face area per minute. Mild systemic hypother- 
mia (32° to 34°C) was used. Myocardial protec- 
tion was obtained by topical hypothermia with 
saline slush and infusion of chilled saline 
through the vein bypass at the completion of 
distal anastomoses. Only one period of aortic 
occlusion was used during performance of the 
distal anastomoses. An effort was made to avoid 
total ischemia in excess of 50 minutes. The 
saphenous vein was used for grafting in all pa- 
tients. The distal anastomoses were usually per- 
formed with interrupted 6-0 silk suture ‘tech- 
nique, although running 6-0 Prolene sutures 


were used in a few cases. The proximal anas-. 


tomoses were made with running 5-0 Prolene 
sutures to the ascending aorta with a tangential 
partially occluding clamp. Slight magnification 
by corrective lenses or loupes at X1.5 to X2.5 
was used in most instances to ensure maximum 
accuracy in the performance of the anastomoses. 

Initially there was a strong bias toward the use 
of separate veins for each distal anastomosis. 
Because of the convenience with which a 
diagonal anastomosis could be performed in a 
side-to-side fashion with a vein graft to the 
LAD, we developed increasing confidence in 
this technique. Reports of others [13, 14] sub- 
stantiate favorable long-term follow-up with 
multiple anastomoses along one segment of a 
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large-caliber vein; thus this technique has re- 
cently been used with greater frequency. Five, 6, 
and 7 distal anastomoses are now accomplished 
regularly with two and rarely more than three 
segments of vein. The LAD, second and first 
diagonal, and intermediate coronary arteries 
can often be bypassed easily with one segment 
of vein. Vessels on the inferior and lateral wall 
may require more than one vein in order to 
avoid distortion of the conduit, particularly at 
the site of side-to-side anastomoses with adja- 
cent vessels pursuing a parallel course. Usually 
careful selection of the anastomotic site will 
avoid this. Most of our procedures were per- 
formed with parallel anastomoses between 
coronaries and saphenous veins. An alternative 
would be the use of perpendicular anastomoses 
(2, 15]. Coronary endarterectomy has been care- 
fully avoided, although it was necessary in sev- 
eral patients to complete a satisfactory anas- 
tomosis. 

An intimate knowledge of the coronary an- 
giogram is prerequisite to accurate recognition 
of the optimum bypass site for the appropriate 
vessels. 


Results 

Mortality 

There were no intraoperative deaths. Four pa- 
tients died while still in the hospital. The first 
was a 47-year-old diabetic with emphysema 
who suffered a cerebrovascular accident on the 
seventh postoperative day, before which his 
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convalescence had been normal. Extension of 
the infarction resulted in death on the tenth 
postoperative day. The second death was that of 
a 73-year-old man who was hospitalized with an 
acute myocardial infarction. He developed ex- 
tension of the infarct and acute mitral insuffi- 
ciency. An intraaortic balloon was inserted and 
a quin-zuple coronary bypass procedure was per- 
formed. The balloon was removed on the second 
postoperative day when the patient was con- 
valescing well. He developed acute abdomen on 
the fifth postoperative day and underwent a 
laparotomy, at which time 3 m of ischemic small 
bowel containing diffuse jejunal and ileal diver- 
ticuli as well as a Meckel’s diverticulum was 
removed. He recovered from this but developed 
an acute febrile illness 20 days following his 
cardiac procedure. Cephalothin and gentamicin 
were administered, and within 6 days he was 
totally anuric. He was placed on hemodialysis 
for 3 weeks, but there was no recovery of renal 
function. He died in the hospital 49 days post- 
operatively. 

The zhird death was that of a 65-year-old man 
who was apparently convalescing well but de- 
veloped innominate and left subclavian venous 
thrombosis on the fifth postoperative day. In 
spite of heparinization, the condition critically 
progressed to phlegmasia alba dolens, which 
required venous thrombectomy and fasciotomy. 
This patient developed a severe disseminated 
intravascular coagulopathy and died on the 
tenth postoperative day. 

The fourth patient was a 65-year-old man who 
had undergone a quintuple coronary bypass 
procedure. Following his bypass, he developed 
a cerebrovascular accident which extended clin- 
ically on several occasions and ultimately culmi- 
nated in death 98 days postoperatively while he 
was still hospitalized. 

The fifth death occurred in a 49-year-old man 
who had undergone 6 coronary bypasses. He 
enjoyed a smooth postoperative course, was 
discharged from the hospital on the seventh 
postoperative day, and returned 2 weeks later 
with an acute massive intracerebral hemorrhage 
which caused his death 25 days postoperatively. 


Morbidity 
Nonfatal perioperative myocardial infarctions, 
indicated by new or deeper Q waves and eleva- 


tion of serum glutamic oxaloacetic transaminase 
above 150 units, occurred in the first postopera- 
tive day in 6 patients. (Three infarcts occurred in 
the first 7 patients of the series.) Of these pa- 
tients, none sustained low cardiac output. Only 
1 patient in this group required longer hos- 
pitalization. 

Other nonfatal complications included tran- 
sient neurological problems in 2 patients. Post- 
operative bleeding requiring reoperation oc- 
curred in 2 patients. Mediastinitis occurred in 1 
patient, who returned after a normal convales- 
cence following discharge 21 days postopera- 
tively. This was treated by drainage with total 
recovery. 


Comment 


To achieve optimum revascularization, every 
coronary branch with proximal stenosis should 
receive a bypass graft if technically feasible. We 
believe that 75% stenosis is critical, but we are 
willing to bypass vessels with as little as 50% 
stenosis at the time of revascularization. We 
think that vessels with an internal diameter 
smaller than 1.5 mm should be avoided unless 
this represents the general size of the entire re- 
cipient coronary tree. 

The usual indications for fourth or fifth bypass 
have been outlined well [6, 11]. Rationale for 
performance of 5, 6, or 7 bypasses may be ex- 
tended to patients with a rich supply of limbs on 
their coronary tree. These individuals have 
a more abundant development of coronary 
branches than is normally seen. With concomit- 
antly extensive coronary obstructive disease in 
these patients, one might expect to leave areas of 
ischemic myocardium if all involved branches 
are not treated with appropriate bypass. 

Anatomical consideration is given to appro- 
priate sites for bypass grafts. The left coronary 
artery system would include the LAD, the first 
and second diagonal branches, and the first sep- 
tal perforator. Variations in the circumflex coro- 
nary artery would offer first, second, and possi- 
bly third and fourth circumflex marginal 
branches, the posterior ventricular branch, or 
(one might say) in the case of a dominant left 
coronary system, the posterior descending 
branch. 

The ramus mediales or intermediate coronary 
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artery arising between the LAD and circumflex 
is an inconstant but frequently large and impor- 
tant branch. 

The right coronary system should include the 
distal main coronary, the posterior descending 
branch, and the groove continuation or large 
terminal left ventricular branches. The acute 
marginal branch of the right coronary artery is 
not considered of major clinical importance, ex- 
cept in rare occasions when it takes a somewhat 
deviant course to supply the inferior and distal 
half of the ventricular septum, in which case the 
proximal inferior portion of the septum is 
supplied by the posterior descending branch. 

Familiarity with the patient’s coronary 
cineangiograms is mandatory because it is not 
uncommon to encounter totally occluded vessels 
of adequate caliber supplying viable muscle that 
were not demonstrated at the time of angiog- 
raphy, but that can be seen when the surface of 
the heart is inspected during operation. In con- 
trast, it is not uncommon that vessels to be 
bypassed are obscured due to pericarditis, pre- 
vious adhesions, a heavy layer of epicardial fat, 
or intramyocardial position of the vessel. A 
thorough knowledge of the preoperative an- 
giographic study will help reveal the location of 
these vessels. At operation additional informa- 
tion may te gained regarding the gross size and 
quality of a potential coronary vessel to be 
bypassed as well as the nature of the myocar- 
dium it supplies. Vessels supplying old areas of 
infarction are bypassed when it is determined 
at operation that scar tissue is mixed with vi- 
able, and possibly functional, myocardium. A 
vessel supplying an area of ventricular 
aneurysm is not likely to be bypassed; rather, 
the aneurysm would be resected or plicated. To 
further justify bypass into areas of old infarc- 
tion, we have witnessed improvement of myo- 
cardial contractility following completion of 
bypass grafting into the involved area. This is 
further ccrroborated by the not infrequently 
large flows measured through an electromag- 
netic flowmeter placed about the bypass graft at 
the time of operation. The importance of flow 
readings remains somewhat unsettled; although 
it would seem logical to expect viable, function- 
ing myocardium to accept a higher flow than 
noncontractile scar tissue. Two patients in this 


series did not have angina in the classic sense. 
Their physicians were alerted by symptoms of 
fatigue or malaise. Maximal treadmill stress tests 
uncovered electrocardiographic evidence of se- 
rious myocardial ischemia. Coronary angiog- 
raphy corroborated this with demonstration of 
what is recognized as severe coronary arterial 
occlusive disease, We concur with others [12] 
that coronary bypass should be extended to care- 
fully selected patients who have no symptoms of 
angina but whose findings include a strongly 
positive stress test supported with correlated 
angiographic findings of high-grade stenosis of 
1 or more major coronary arteries (especially the 
left main coronary and the LAD above the level 
of the first diagonal branch). 

The low mortality in this series makes it statis- 
tically difficult to cite specific factors previously 
thought to increase the operative risks of coro- 
nary artery bypass operation. This group com- 
prised 43.5% patients over 60 years of age; 
14.3% were women; 81.7% were in NYHA Class 
UI or IV; and 25% were classified as having im- 


_ pending myocardial infarction [1, 8]. Left main 


coronary stenosis (>50%) was present in 30%. 
Left ventricular function was impaired in 
37.4%, and 11.4% had generalized hypokinesia 
[10]. Five patients required concomitant carotid 
endarterectomy, 1 required aortic valve replace- 
ment, and 1 required resection of left ventric- 
ular aneurysm. The intraaortic balloon cardiac 
assist device was utilized in 9 patients consid- 
ered preoperatively to be unusually high 
operative risks. The indications for its use were: 
operation being required in the course of an 
acute myocardial infarction with impending ex- 
tension, mitral insufficiency, ventricular failure, 
or extremely poor ventricular function. It was 
also used successfully for impending myocar- 
dial infarction and medically uncontrollable 
ischemic arrhythmia and in 1 patient who had 
concomitant aortic valve replacement with quin- 
tuple coronary bypass. 

We believe that long-term follow-up will be of 
tremendous importance in this group of pa- 
tients, many of whom might have been rejected 
for operation on the basis of extensiveness of 
coronary artery occlusive disease. The in- 
hospital mortality of 3% reflects the severity of 
the disease and compares favorably with other 
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recently reported operative mortalities for qua- 
druple and quintuple bypass procedures [9, 16]. 


Addendum 


Since this paper was presented for publication, 
long-term follow-up has been obtained in 100% 
of the patients and ranges from 5 to 55 months. 
There have been 4 late deaths between 8 and 27 
months postoperatively. Three of these deaths 
are thought to be due to myocardial infarction 
although this was not confirmed by postmortem 
examination. The fourth death was due to com- 
plications following operation for acute mesen- 
teric artery obstruction. Only 7 patients in the 
postoperative follow-up group have complained 
of angina; 1 has since been successfully reoper- 
ated. 


References 
1. Adam M, Mitchel BF, Geisler GF, et al: Surgery for 
Impending Myocardial Infarction. Edited by 
WR Webb. Medcom, 1975, p 15 
2. Bartley TD, Bigelow JC, Page US: Aortocoronary 
bypass grafting with multiple sequential anas- 
tomoses to a single vein. Arch Surg 105:915, 1972 
3. Effler DB, Favaloro RG, Groves LK: Coronary ar- 
tery surgery utilizing saphenous vein graft tech- 
niques. J Thorac Cardiovasc Surg 59:147, 1970 
4. Favaloro RG: Saphenous vein autograft replace- 
ment of severe segmental coronary artery occlu- 
sion: operative technique. Ann Thorac Surg 
5:334, 1968 
. Favaloro RG: Saphenous vein graft in the surgical 


Sai 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


. Lambert CJ, Adam M, Geisler GF, 


treatment of coronary artery disease. J Thorac 
Cardiovasc Surg 58:178, 1969 


. Harlan BJ, Reul GJ, Cooley DA, et al: Treatment of 


severe coronary artery disease with quadruple 
and quintuple saphenous vein grafts. Chest 
69:29, 1976 


. Johnson WD, Lepley D: An aggressive surgical 


approach to coronary disease. J Thorac Car- 
diovase Surg 59:128, 1970 

et al: 
Emergency myocardial revascularization for im- 
pending infarctions and arrhythmias. J Thorac 
Cardiovasc Surg 62:522, 1971 


. Mitchel BF, Adam M, Lambert CJ, et al: Ascend- 


ing aorta-to-coronary artery saphenous vein 
bypass grafts. J Thorac Cardiovasc Surg 60:457, 
1970 

Mitchel BF, Alivizatos PA, Adam M, et al: Myo- 
cardial revascularization in patients with poor 
ventricular function. J Thorac Cardiovasc Surg 
69:52, 1975 

Ray JF IIL, Myers WO, Wenzel FJ, et al: Quadruple 
coronary artery bypass grafting. Ann Thorac Surg 
21:7, 1976 — 

Reul GJ, Cooley DA, Sandiford FM, et al: Aor- 
tocoronary artery bypass: present indications and 
risk factors. Arch Surg 111:414, 1976 

Sewell WH: Improved coronary vein graft pa- 
tency rates with side-to-side anastomoses. Ann 
Thorac Surg 17:538, 1974 

Sewell WH, Sewell KV: Technique for the coro- 
nary snake graft operation. Ann Thorac Surg 
22:58, 1976: 

Stiles QR, Tucker BL, Lindesmith GG, et al: Myo- 
cardial Revascularization: A Surgical Atlas. Bos- 
ton, Little, Brown, 1974, p 105 

Stoney WS, Vernon RP, Alford WC, et al: Revas- 
cularization of the septal artery. Ann Thorac Surg 
21:2, 1976 


Subclavian Steal Syndrome 


in the Pediatric Age Group 


Frank M. Midgley, M.D., and James E. McClenathan, M.D. 


ABSTRACT Four pediatric patients with subclavian 
steal syndrome (SSS) are described. One patient with 
congenital SSS had persistence of the lesion follow- 
ing surgical repair of coarctation of the aorta due to a 
gradient acress a hypoplastic aortic arch. In3 patients 
SSS developed on an acquired basis as a sequel to 
corrective operation, for coarctation in 1 patient, and 
interrupted aortic arch in 2 patients. Contributory 
factors included hypoplasia of the aortic arch, 
anatomical variation of the origin of the vertebral 
artery, and discrete recoarctation involving the os- 
tium of the subclavian artery. Treatment was by ver- 
tebral artery ligation in 3 patients and by prosthetic 
patch arterioplasty in the patient with recoarctation. 
The 4 patients remain asymptomatic on follow-up of 
16 to 25 months. 


Retrograde blood flow in the vertebral artery 
is the pathophysiological hallmark of the sub- 
clavian steal syndrome (SSS). The underlying 
abnormality is a focal occlusive lesion of the 
prevertebral artery segment of the ipsilateral 
subclavian artery or aortic arch causing rel- 
ative hypotension of the more distal subclavian 
artery, which eventuates in retrograde vertebral 
artery flow. First described by Contorni [1] and 
further elucidated by Reivich and associates [5], 
the SSS is a distinctive clinical entity that has 
major central nervous or upper extremity symp- 
tomatology. Atherosclerotic occlusion of the 
proximal subclavian artery is the underlying 
cause in the majority of instances, while in 
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others it may be congenital or acquired secon- 
dary to operation, gross trauma, or embolism. 
In an 18-month period we treated 4 patients 
aged 4 to 13 who evidenced SSS, 1 on a congeni- 
tal basis and 3 acquired. This report details the 
clinical courses of these patients, who under- 
went surgical repair of congenital occlusive le- 
sions of the aortic arch or isthmus and sub- 
sequently developed (or had persistent) SSS. 


Case Reports 
Patient 1 


A 13-year-old boy was evaluated after femoral 
pulses were noted to be absent on a school phys- 
ical examination. Symptoms included head- 
aches and paresthesias of the legs. Excellent 
physical development was apparent, but there 
was some underdevelopment of the left arm and 
forearm. The left brachial blood pressure was 30 
mm Hg less than the right brachial pressure. 
Catheterization data confirmed the clinically 
suspected coarctation of the thoracic aorta, 
which also involved the ostium of the left sub- 
clavian artery. Systolic pressure was 140 mm Hg 
in the ascending aorta, 110 mm Hg in the left 
subclavian artery, and 95 mm Hg in the descend- 
ing aorta. Angiograms revealed abundant col- 
lateralization with retrograde flow in both the 
left vertebral artery and the proximal left subcla- 
vian artery with subsequent filling of the de- 
scending aorta. Additionally, hypoplasia of the 
aortic arch from the innominate artery to the left 
subclavian artery was noted. 

Prosthetic patch arterioplasty of the aorta and 
proximal left subclavian artery was performed. 
Intraoperative measurements revealed no ab- 
normal pressure gradients between the distal 
aortic arch, left subclavian artery, or descending 
aorta. However, at discharge there was a bra- 
chial artery pressure gradient of 20 mm Hg, with 
equal pressures in the left arm and lower ex- 
tremities. 

Three months postoperatively, while raking 
leaves, the patient evidenced a sudden left 
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Fig 1. Right vertebral arteriogram (subtraction 
technique) in Patient 1, showing large intervertebral 
collateral anastomoses, diffuse dilatation of both 
vertebralarteries, and retrograde filling of left 
vertebralartery with subsequent opacification of the 
distal left subclavian artery. 


hemianopsia lasting several minutes, followed 
by persistent frontal headache. Subsequent 
catheterization studies revealed a 30 mm Hg 
pressure gradient across the hypoplastic aortic 
arch. Angiography (Fig 1) demonstrated ante- 
grade flow in the proximal left subclavian artery 
with retrograde flow in the left vertebral artery. 
Surgical ligation of the left vertebral artery was 
then accomplished, and the patient has re- 
mained asymptomatic for 23 months. 


Patient 2 


A 6-year-old asymptomatic boy with absent 
femoral pulses underwent physical examination 
which revealed brachial artery hypertension, 
with 172/88 in both upper extremities. A bruit 
was audible in both supraclavicular areas. 
Catheterization studies showed interruption of 
the aortic arch distal to the left subclavian artery, 
with an 85 mm Hg pressure gradient between 
the aortic arch and the femoral artery. Aortic 
arch hypoplasia was also noted. 

Surgical repair was by anastomosis between 
the divided end of the left subclavian artery and 





Fig 2. Right vertebral arteriogram (subtraction 
technique) in Patient 2, showing retrograde filling of 
an enlarged left vertebral artery with subsequent 
antegrade filling of the left subclavian and left 
internalmammary artery. 


the descending aorta (Blalock-Park operation) to 
bridge a 28 mm interruption. Additionally, the 
first branch of the subclavian artery, believed to 
be the left vertebral artery, was ligated. 

Nine months postoperatively the patient 
underwent restudy for symptomatology of in- 
termittent headaches and persistent hyperten- 
sion. Catheterization data indicated pressure 
gradients of 25 mm Hg across the aortic arch and 
20 mm Hg at the anastomosis. Right vertebral 
arteriography (Fig 2) demonstrated retrograde 
flow in the left vertebral artery with subsequent 
filling of the left subclavian artery. Filling of the 
left internal mammary artery was also noted. 
The patient subsequently underwent ligation of 
the left vertebral artery without incident and has 
remained asymptomatic for 25 months. 


Patient 3 


A 42-year-old boy who had undergone coarcta- 
tion repair (resection-reanastomosis) at age 21/2 
underwent repeat catheterization for symptoms 
of headaches and signs of decreased left brachial 
and lower extremity pulses. Catheterization 
data indicated a pressure gradient of 30 mm Hg, 
and aortography revealed a discrete recoarcta- 
tion of the anastomosis site, which involved the 
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Fig 3. Right subclavian arteriogram (subtraction 
technique) in Patient 3, showing retrograde filling of 
the left vertebral and left subclavian artery. Note the 
anastomosis between the right and left inferior 
thyroid arteries. Profuse collateral circulation is 
evident by the size of the vertebral arteries, the right 
internal mammary artery, and other vessels. 


ostium of the left subclavian artery. Right sub- 
clavian arteriography (Fig 3) demonstrated 
abundant collateralization involving the right 
vertebral artery and the branches of the 
thyrocervical and costocervical trunks. Addi- 
tionally, retrograde filling of the left vertebral 
artery, with subsequent opacification of the dis- 
tal subclavian artery, was readily apparent. 

The recoarctation was surgically repaired 
transthoracically by prosthetic patch arterio- 
plasty across the aortic and subclavian stenosis. 
The child has remained asymptomatic on 
follow-up of 22 months, with equal pressures in 
both arms and legs. 


Patient 4 

A 12-year-old girl with Turner’s syndrome and 
hypothyroidism was evaluated for absent 
femoral pulses. She was symptomatic with 
headaches, nose bleeds, and lower extremity 
discomfort accentuated by exercise. Catheter- 
ization studies revealed an interrupted aorta be- 
yond the left subclavian artery. Surgical repair 


was accomplished by prosthetic tube graft 
interposition. Nine months postoperatively the 
patient had a seizure episode with loss of con- 
sciousness. Subsequent catheterization data in- 
dicated a 20 mm Hg gradient between the aortic 
arch and left subclavian artery, but no clear site 
of obstruction was evident by aortography. 
Cerebral arteriograms were normal except for 
the demonstration of retrograde flow in the left 
vertebral artery following right vertebral artery 
injection (Fig 4). Transcervical ligation of the left 
vertebral artery was accomplished without inci- 
dent, and she has remained asymptomatic for 
16 months. 


Operative Technique 

Transcervical ligation of the left vertebral artery 
is carried out under general anesthesia. A small 
incision is made over the lateral border of the 
sternocleidomastoid muscle 2 cm cephalad and 
parallel to the clavicle, basically the approach to 
the scalene fat pad (Fig 5). The plane of the 
anterior scalene muscle is reached, the phrenic 
nerve is identified, and the dissection is con- 
tinued medially (remaining cephalad to the 
thoracic duct), with the dissection passing be- 
hind the internal jugular vein and the carotid 
sheath. The vertebral artery and vein are located 
at, and running parallel to, the medial edge of 
the anterior scalene muscle. Double ligation of 
the vertebral artery in continuity is then accom- 
plished with 2-0 ties; standard wound closure 
completes the procedure. The patients were 
routinely discharged one day postoperatively. 


Comment 

Obstructive lesions of the aortic arch and great 
vessels predispose to a variety of alterations of 
normal hemodynamic patterns. The combina- 
tion of proximal subclavian artery obstruction 
with retrograde flow in the ipsilateral vertebral 
artery define the SSS. Attendant ischemic neu- 
rological or upper extremity symptomatology 
completes the full clinical picture. The symptom 
patterns are frequently episodic, being related 
to activity of the upper extremity. These symp- 
toms may include headaches, seizure, dizzi- 
ness, vertigo syncope, speech difficulties, and 
hemianopia. Physical signs of decreased pulsa- 
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A 


Fig 4. Right vertebralarteriogram (subtraction 
technique) in Patient 4, showing a large right 
vertebral artery and diminutive left vertebral artery. 
Retrograde filling of the left vertebral artery isseen 1 
second (A) and 4 seconds (B) following injection of 
contrast medium. 





Surgical Plane Vertebral Artery 


Fig 5. Cross-section of the neck at the levelof C7. The 
surgical plane between the left internal jugular vein 
and the anterior scalene muscle is indicated. The 
vertebral artery is seen running vertically between 
the anterior scalene and longus colli muscles. 





tion and pressure of the involved extremity are 
usually noted. 

Proximal subclavian artery obstruction does 
not necessarily cause retrograde flow in the 
vertebral artery, as adequate distal subclavian 
artery pressure may be maintained by the 
abundant collateral channels that are available. 
Previous studies [2, 5, 7] have shown that bra- 
chial artery gradients of 20 mm Hg or more are 
necessary to cause retrograde vertebral artery 
flow. 

The greater the pressure gradient between the 
circle of Willis and the distal subclavian artery, 
the more likely retrograde vertebral artery flow 
will occur. One aspect of the syndrome’s 
pathophysiology is that not only does the brain 
lose its blood supply from the vertebral artery, it 
loses in addition a potentially important portion 
of the carotid and contralateral vertebral artery 
flow. This occurs by way of a siphonage effect 
from the circle of Willis to the circulation of the 
affected upper extremity. Due to the otherwise 
normal nature of the cerebral circulation in the 
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pediatric age group, symptomatic cerebrovascu- 
lar disease is uncommon. Additionally, the 
abundant collateralization helps to prevent or 
minimize the siphonage aspects of the entity. 

In a review article by Killen and colleagues [2] 
in 1966, a collected experience of 110 patients 
manifesting SSS was detailed. Of these, only 2 
were younger than 10 years of age. A review 
article by Pieroni and co-workers [4] in 1972 
described a collected series of 27 patients with 
congenital SSS. An additional instance of con- 
genital subclavian and pulmonary artery steal 
syndrome was reported by Shaher and as- 
sociates in 1972 [9]. 

The preoperative demonstration of sub- 
clavian-aortic steal syndrome seen in Patient 
1 has been previously described by Love [3]. Of 
particular interest is the hypoplasia of the aortic 
arch that is frequently seen in congenital 
obstructive lesions of coarctation and inter- 
rupted aortic arch, as in Patients 1 and 2. It 
seems reasonable to assume that in most in- 
stances the arch is anatomically and histologi- 
cally normal, the hypoplasia being due to lack of 
normal systemic flow through this area 
sufficient to cause normal hemodynamic 
growth and development of the arch. Likewise, 
it seems reasonable to assume that when normal 
flow is provided, growth of the arch will eventu- 
ally ensue. It was on this premise that we based 
our surgical correction of SSS by ligation of the 
vertebral artery. We anticipate that the gradient 
across the arch will diminish with time as the 
diameter of the arch grows because of the in- 
creased flow. However, due to noticeable neuro- 
logical symptoms, the physiology had to be al- 
tered acutely, the simplest approach being liga- 
tion of the vertebral artery. Therapeutic ligation 
of the vertebral artery was first described by Rob 
in 1961 [6]. 

Filling of the left vertebral artery by way of its 
muscular branches, retrograde from the circle of 
Willis, and by other well-developed collateral 
channels so graphically demonstrated in Figure 
1 will undoubtedly continue. Siphonage, how- 
ever, should certainly be prevented and 
adequate cerebral perfusion maintained. 

The subclavian—-internal mammary artery 
steal following Blalock-Park reconstruction in 


Patient 2 represents a logical physiological pro- 
gression of the basic disease process, being a 
reflection of pressure gradients between the cir- 
cle of Willis and the distal subclavian artery and 
between the distal subclavian artery and the de- 
scending aorta. The antegrade internal mam- 
mary artery flow is a collateral pathway to the 
descending aorta around a persistently hypo- 
plastic aortic arch and a small anastomotic gra- 
dient. 

Apparently Patient 2 had an anatomical vari- 
ant in which the first branch of the subclavian 
artery, ligated at the time of the original opera- 
tion, was not the vertebral artery but another 
vessel, possibly the inferior thyroid or trans- 
verse cervical artery. As with Patient 1, ligation 
of the vertebral artery was accomplished. We 
hope growth of the aortic arch will follow to 
minimize the aortic gradient. Potentially the pa- 
tient may require a thoracic reoperation if a high 
gradient persists. 

As is seen in coarctation series from most in- 
stitutions, recoarctation at the anastomosis can 
occur in the early or late follow-up period. This 
may be due to fibrosis, incomplete excision of 
coarctation tissue, a technically compromised 
anastomosis, or thrombus formation, or it may 
be unexplainable. Discrete stenosis at the anas- 
tomosis involved the ostium of the left subclavian 
artery in Patient 3, in whom patch arterioplasty 
was performed to correct the SSS and the re- 
coarctation. Because intraoperative pressures 
were equal in the aortic arch, left subclavian 
artery, and descending aorta, ligation of the ver- 
tebral artery was considered unnecessary. 

As demonstrated by the angiograms of all 4 
patients, there is considerable variation in the 
size of the vertebral arteries among individuals, 
and even in the same individual (Patient 4). 
As was pointed out by Shockman [9], direct- 
pressure injection of contrast material into a ver- 
tebral artery can cause reversal of blood flow in 
the contralateral vertebral artery due to the sud- 
den pressure rise. However, antegrade flow re- 
sumes as soon as the injection pressure is dissi- 
pated. Knowing of this “normal” occurrence of 
retrograde flow in the vertebral artery and giv- 
ing due consideration to the small size of the left 
vertebral artery, we were uncertain whether SSS 
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was present in Patient 4. However, retrograde 
flow persisted through 4 seconds postinjection 
(see Fig 4B), and because of the serious neuro- 
logical symptomatology, ligation of the verte- 
bral artery was elected. 

SSS is not an uncommon occurrence in the 
pediatric age group. Certainly development of 
the syndrome should be added to the list of pos- 
sible sequelae of the surgical treatment of occlu- 
sive lesions of the aortic arch and isthmus. Fac- 
tors influencing its development include hypo- 
plasia of the aortic arch, anatomical variation of 
the origin of the vertebral artery, recoarctation, 
and the collateral potential of the vascular bed. 

SSS can be effectively treated in the pediatric 
patient by ligation of the vertebral artery or by 
direct repair of a coarctation or recoarctation in- 
volving the ostium of the subclavian artery. To 
provide ultimately successful treatment a dili- 
gent, aggressive, prolonged care program is 
necessary for all patients undergoing operation 
for coarctation. 
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Low-Cost Daily Pacemaker Monitoring System 


George Benzing, III, M.D., Rumult Iltis, M.S.E.E., Samuel Kaplan, M.D., 
J. Tracy Schreiber, M.D., and James Helmsworth, M.D. 


ABSTRACT To reduce the cost of pacemaker 
monitoring, we developed an inexpensive cardiac 
pacemaker interval monitor that detects elec- 
tromagnetic radiation of the electrical pulse gener- 
ated by an implanted pacemaker. The pulse interval 
is timed by logic systems and a piezoelectric crystal. 
Pulse interval is computed to the nearest 0.1 msec. 
The device is battery powered and can be used at 
home by the patient to monitor pulse interval daily 
with little cost after the initial expenditure. The unit 
may also be used by the physician to detect the stabil- 
ity or constancy of random variation of the pulse 
interval. From a daily record of measurements of the 
pulse interval, limits are set by the physician to pre- 
dict impending battery exhaustion. Eight patients 
have been monitored for up to 24 months. 


There are an estimated 100,000 persons in the 
United States who have implanted electrical 
pacemakers [4]. In 1970, Parsonnet and col- 
leagues [14] observed that 50% of pacemakers 
failed within 20 months after implantation and 
that 83% of replacements were necessitated by 
failure of the pulse-forming unit. In 1974, 
Goldman and associates [10] noted that the aver- 
age longevity of all pacemakers in his series was 
20.7 months and that elective replacement con- 
stituted only 29% of replacements. 

Bilitch and co-workers [2] indicated that only 
50% of patients with implanted pulse generators 
are followed adequately. In a retrospective re- 
view of 287 patients over 12 years, the mean 
generator life was 22 months [15]. Among the 
570 pulse generators involved in this study there 
were 50 episodes of premature failure. 

Furman and Escher [8] stated that. battery 
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exhaustion continues to be the single most 
common reason for pulse generator replace- 
ment. They observed that the average life of a 
pulse generator in 1974 was 32 months and 
pointed out that a high incidence of electronic 
malfunction decreases the accuracy of detecting 
impending failures. They noted that problems 
of failure detection (electronic) were resolved by 
early frequent telephone monitoring. Furman 
and Escher recommend a schedule of monitor- 
ing that includes weekly follow-up after 24 
months of implantation. Of 321 pulse generators 
they removed in 1974, 62% of the failures were 
caused by battery exhaustion and 38% were due 
to electronic malfunction. They achieved an 
overall accuracy of failure prediction of about 
80%. 

Recently, manufacturers have predicted that 
pacemakers will last from 3 to 5 years, and Lil- 
lehei and associates [12] have stated that the 
calculated life of the lithium iodide battery ex- 
ceeds 10 years in an in vitro system. In spite of 
the greater longevity of new implanted pace- 
makers, the need for chronic continuous 
monitoring of pacemaker performance will per- 
sist. Although telephone surveillance [9] is ad- 
vantageous in obtaining greater pacemaker 
longevity, it is said to be burdensome and to 
increase patient anxiety [10]. Elaborate elec- 
tronic analysis [7] of pacemaker function is 
desirable but not readily available to many pa- 
tients. Recently Stoney and associates [16] em- 
phasized the costs of surveillance of pacemaker 
performance by telephonic methods. Since the 
present generation of pacemakers provide a 
built-in pulse interval change as a function of 
the decrease in battery voltage, impending fail- 
ure of the power source is predictable by fre- 
quent monitoring. In some instances electronic 
malfunction may be suspected. 

This reports an inexpensive battery-powered 
monitoring system for use in the home. The 
device detects the electromagnetic signals of the 
pacemaker pulse and provides digital readout of 
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the pulse interval to the nearest tenth of a mil- 
lisecond. This is a portable device that is easy to 
operate and does not require any electrodes. The 
signal is received by induction, through the 
body, while the patient is fully clothed. 


The Device 


A device was designed to function as a receiver 
of the electromagnetic radiation of the electrical 
pulse generated by an implanted pacemaker. 
The monitor is fitted with a sensor antenna 
tuned to one of the higher frequencies contained 
in the leading edge of the pulse. The received 
signal is amplified, shaped, and fed to a control 
logic circuit. 

The operation of the monitor is shown in Fig- 
ure 1. The radiated signal is received by trans- 
former T, with its primary tuned by capacitor C, 
to one of the frequencies of greater magnitude 
contained in the spectrum of the pacemaker elec- 


Fig 1. Block diagram of cardiac pacemaker interval 
monitor, (See text for description.) 
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trical pulse. The secondary of the transformer 
feeds a pulse amplifier (A). After shaping, the 
signal is applied to two logic systems: (1) A pulse 
stretcher that actuates the pick-up indicator on 
the display (first-digit decimal point is used for 
this purpose). (2) A JK flip-flop binary device 
(LOG 1) that acts as a logic control for the system 
inhibited by the RSFF #1 (reset-set flip-flop bi- 
nary device), thus disabling the 4-decade 
counter clock input. Switch $2, when pressed, 
resets via RSFF #1 the 4-decade counters to zero 
state and activates RSFF #1, which in turn acti- 
vates LOG 1. With the arrival of the first pulse 
from the pacemaker, RSFF #2 is set and triggers 
LOG 1, which changes state, activating the 
4-decade counters. RSFF #2 acts as a delay cir- 
cuit that prevents any stray signals from trigger- 
ing LOG 1 during the counting period. When 
the 4-decade counter is activated, it is filled with 
pulses ata rate of 10° pulses per second (from the 
clock) as long as the enabling signal is present. 
This lasts until the second pulse from the pace- 
maker arrives, triggering RSFF #2 and resetting 
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Fig 2. The pulse interval monitoring system 
described in the text. “Limits” refers to upper 
and lower pulse interval value, above and below 
which the patient is to contact his physician. 


LOG 1, which disables the 4-decade counter and 
switches off RSFF #1. At this instant the opera- 
tion ends, and the content of the last 4-decade 
counters are displayed by the four-digit light- 
emitting diode (LED) display. To read again, S2 
must be pressed to restart the sequence. The 
master clock is controlled by a 1 MHz piezoelec- 
tric crystal with 0.005% accuracy. 

This monitor will compute the pulse interval 
of an implanted pacemaker to the nearest 0.1 
msec or 0.008 beats per minute at a heart rate of 
70 beats per minute. It is powered with commer- 
cially available 9 volt batteries or may be con- 
structed with rechargeable batteries. The hand- 
held unit is shown in Figure 2. It is easy to 
operate and does not require the patient to un- 
dress, since the pick-up of the signal is by 
induction. 


Operation of the Monitor 


The subject turns the cardiac pulse generator 
interval monitor to “on” (switch S1) and locates 
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the electromagnetic signal of his pacemaker by 
the sensor, “A”, embedded in the plastic holder 
at the end of the cord. When the patient locates 
the signal, the monitor gives an audible beep 
and a visual signal on an LED display (a flashing 
bar to the right of the first digit). When these 
signals occur with regularity, the S2 switch 
(“Press to read’’) is pressed and the pulse inter- 
val is displayed numerically. Several readings 
may be obtained in sequence for confirmation. 
The limits of pulse interval selected by the 
physician are affixed to the interval monitor so 
that the patient may easily check if his interval is 
within these limits. 


Results 

Eight patients have made a total of 2,400 daily 
determinations of pulse interval with our 
monitor units. Two patients have used the in- 
strument for more than 18 months. The 
maximum variation of pulse interval in these 8 
patients individually ranged from +1.3 to +6.4 
msec with a mean variation of +4.0 msec. Two 
patients were older than 60 years of age. No 
patient has had a pulse interval that was errone- 
ously prolonged or foreshortened beyond the 
limits provided. Thus there have been no false 
alarms to date. 

In order to evaluate pacemaker interval stabil- 
ity, we have made more than 1,000 successive 
measurements of pulse interval in 5 patients 
with implanted pacemakers and found less than 
+5.0 msec variation. 

One 65-year-old man noted only a + 4.0 msec, 
or 0.32 beat per minute, variation during one 
year. Within two days afterward the pulse inter- 
val of his generator (Cordis 162C577) increased 
by 30 msec, and the pacemaker was removed 
surgically. Subsequently we monitored his 
pulse generator in the laboratory for 100 days. 
The results are illustrated in Figure 3. The sud- 
den changes in pulse interval reflect the charac- 
teristic voltage changes when the mercury bat- 
tery is deteriorating. Mercury batteries maintain 
approximately 1.35 to 1.4 volts at the beginning 
of life. The measured voltage of two batteries 
was inadequate on removal from the patient, 
and on the one hundredth day the voltage of 
three batteries was 0.32, 0.58, and 0.85 volt, re- 
spectively. 
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Fig 3. Plot of pulse interval in milliseconds as 
opposed to time in one year and in days. 
Pacemaker had been implanted for 24 months 
when monitoring was begun ina 65-year-old 
man. Dots represent individual measurements of 
pulse interval. 


Another pacemaker (Medtronic 5862C) was 
monitored in a temperature-controlled envi- 
ronment (37°C) after removal from a patient. The 
pulse interval measured 864 + 3.0 msec for 9 
months. Thereafter the interval increased by 24 
msec. Three of five batteries had deteriorated to 
voltages of 1.1, 0.97, and 0.67 volts, respectively. 

In one instance a patient reported an intermit- 
tent irregular heart beat, but no irregularity was 
observed on electrocardiographic recording. 
There had been no significant change in pulse 
interval by our monitor. Using the technique of 
Bisping and associates [3], we analyzed the re- 
sults of 100 measurements of pulse interval with 
our device and computed the “constancy” value 
to be 2.1 x 10°*. Because there had been no 
noticeable change in the constancy value, we 
concluded that electronic or electrode malfunc- 
tion was not the cause of the irregular cardiac 
rhythm. Subsequent follow-up of the patient 
has confirmed that this conclusion was correct. 


Comment 


The increase in longevity of implanted pace- 
makers by monitoring is well established [10, 
13, 14]. Many monitoring systems currently in 
use require the patient to attach a lead system, 
establish telephone contact with a pacemaker 
center, and transmit an electrically modified 
electrocardiographic signal across telephone 
lines for interpretation and measurement of the 
pulse interval. The transtelephone method has 
been reported to be accurate to 0.1 beat per min- 
ute [9] and is advantageous in that a printout of 
the response to the electrical stimulus is avail- 
able. However, this approach is extremely costly 
[16] and consequently limits the frequency of 
monitoring. Because electrocardiographic mon- 
itoring is not performed frequently during 
the first 30 months after implantation, the em- 
phasis of recommended weekly monitoring in 
the third year would seem to be primarily for 
electrical pacemaker performance rather than for 
cardiac response to the electrical impulse. 

Our monitoring system allows daily mea- 
surement of the patient’s pacemaker pulse 
interval without the need of telephone contact 
and without additional cost. Since this device is 
used in the home, it allows the patient to check 
pacemaker function any time of the day or night. 
If the pulse interval and palpable arterial pulse 
rate remain constant, the patient has assurance 
of satisfactory pacemaker performance. Because 
premature failure of implanted pacemakers oc- 
curs [11], the ability to monitor frequently dur- 
ing all stages of implantation is prudent. The 
purpose of this report is not to reiterate the prin- 
ciples of monitoring the pulse interval of pace- 
makers, which has been well established by 
others [9, 14]. This type of monitoring is not 
suitable for certain elderly patients who are un- 
able to perform the necessary manipulations to 
read the digital values or to remember to make 
daily or weekly measurements. 

This system can be used in conjunction with 
the magnetic mode of asynchronous pacing 
built into most demand pacemakers. It may also 
be used in the physician’s office or hospital to 
determine electrical pulse interval. 

It is frequently debated whether repeated 
monitoring increases the patient’s anxiety. We 
have not observed that daily monitoring pro- 
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duces this complication; to the contrary, more 
patients seem to have greater security with this 
monitoring program. Furthermore, this porta- 
ble device has been of great comfort to patients 
whose vocation requires long-distance traveling 
or leaving the country temporarily. 

Furman [6] states that the average longevity of 
implanted pacemakers removed for battery 
exhaustion in 1975 was 35 months. However, he 
noted that almost one-third of all pacemakers 
removed had either malfunction of their circuits 
or packaging failure at an average of 18 months 
after implantation. We believe that daily 
monitoring with our unit from the time of im- 
plantation provides better continuous assess- 
ment of pacemaker function and may allow de- 
tection of these malfunctions. 

Recently Bisping and colleagues [3] recom- 
mended computing the constancy of the interval 
by taking 100 measurements within a 10- to 15- 
minute interval. Determinations of constancy 
permit assessment of the stability of func- 
tion of electrode contact, lead wires, and the 
components of the pulse generator. The authors 
reported that variation in the constancy of the 
interval within several months by a factor 
greater than 10 times indicates varying load on 
the pacemaker and suggests floating or broken 
electrodes, loose electrode contact, or perhaps a 
component malfunction of the pulse generator. 
We suggest that this constancy value be deter- 
mined by the physician or his personnel at the 
time the patient begins monitoring with our 
device. This value serves as a reference for later 
comparison. Because of the precision of our de- 
vice, these measurements may be performed 
during routine outpatient visits to provide a 
more thorough evaluation of the status of a 
pacemaker system. In the pediatric age group 
cardiac arrhythmias are a rare complication, and 
therefore monitoring is mostly for pacemaker 
function. 

We suggest that the patient start daily 
monitoring of the pulse interval immediately 
after implantation of his or her pacemaker and 
continue thereafter. At the discretion of the pa- 
tient’s physician, this record is sent to the physi- 
cian each month. We recommend that the pa- 
tient be instructed to notify his physician in the 
event of a change in pulse interval of greater 


than +10 msec from the average pulse interval. It 
should be recognized that the pulse interval may 
not stabilize until 1 to 3 months after implanta- 
tion. The procedures described are not intended 
to alter the physician’s usual follow-up of the 
patient’s cardiac status. We remove implanted 
pacemakers as soon as possible after the first 
major changes in pulse interval. 

Dreifus and Cohn [5] have stressed that pa- 
tients who are completely pacemaker dependent 
require stricter surveillance than those with less 
disturbance of atrioventricular conduction. In 
view of the ability to check pulse interval daily 
with our system, it would seem prudent to im- 
plement such monitoring in patients who are 
completely dependent. 

Bigultay and co-workers [1] have employed a 
device for daily monitoring. However, their in- 
strument does not provide the precision to de- 
termine constancy values suggested here or to 
detect reliably the small changes in pulse inter- 
val that we note. Their instrument is a rate- 
measuring device that counts beats per minute, 
as opposed to our device, which measures pulse 
interval in milliseconds. 

The lithium battery powered pacemaker [12] 
has a longer predicted life than the mercury cell 
battery and undergoes a gradual decline in volt- 
age over several years. From daily recordings of 
the gradual increase in pulse interval, one may 
calculate the expected date of pacemaker re- 
placement from the curvilinear relationship of 
pulse interval versus time. 

Because each transtelephone electrocardio- 
graphic and rate analysis is reported to cost 
twenty to twenty-five dollars [7], weekly 
monitoring is relatively expensive. Our device 
can be manufactured at little cost, and daily 
monitoring may be performed in the home at no 
additional expense except for yearly replace- 
ment of two standard 9 volt alkaline batteries. 
Furthermore, this unit may be used for the life of 
several pacemakers. With the greater life expec- 
tancy of current pulse generators, our unit rea- 
sonably permits monitoring from the date of 
implantation until battery exhaustion. Sub- 
sequently, our monitor could be used by 
another patient without cost. 

In summary, our device provides an inexpen- 
sive means of detecting a change in pulse inter- 
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val as an indication of impending battery 
exhaustion without the need for telephone 
transmission or additional personnel. 


Note 

The Children’s Hospital Research Foundation, 
Cincinnati, OH, has applied for a patent for this 
device. 
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Early and Late Results in Pulmonary Atresia 


Anthony R. C. Dobell, M.D., and A. Grignon, M.D. 


ABSTRACT The early and long-term results follow- 
ing surgical treatment of 24 infants with pulmonary 
atresia with an intact ventricular septum were re- 
viewed. Pulmonary valvotomy was the operation 
most often performed, and we came to realize that 
this was effective when the preoperative right ven- 
tricular angiogram had shown an open conus up to 
the atretic valve. By contrast, no infant without a 
patent conus survived pulmonary valvotomy. We 
suggest that this subgroup of patients (8 of the 24 in 
this series) should have a systemic-pulmonary shunt 
followed later by reconstruction of the right ventricu- 
lar outflow tract. 

Diminutive right ventricles will grow and dilate if 
a reasonable passageway is formed from right ventri- 
cle to pulmonary artery. Thus the long-term results 
have been excellent when this has been carried out, 
with normal right ventricular pressures and appear- 
ance on angiography in 7 patients followed up to 13 
years. 


Pulmonary atresia with an intact ventricular 
septum is generally a life-threatening neonatal 
emergency. The closing patent ductus is essen- 
tially the sole inflow into the pulmonary vascular 
bed, and cyanosis and acidosis increase as 
this flow reduces. Diagnosis requires heart 
catheterization and a right ventricular angio- 
gram on which surgical decisions are based. We 
have come to believe that the most important 
feature of the angiogram is whether or not the 
right ventricular conus is demonstrated, since 
patency of the outflow tract right up to the atretic 
valve is an indication for pulmonary valvotomy 
regardless of the size of the inflow portion of the 
right ventricle. 

Once the right ventricle can eject into the 
From the Department of Cardiovascular Surgery, The 
Montreal Children’s Hospital, and the Division of Car- 


diovascular and Thoracic Surgery, McGill University, 
Montreal, Que, Canada. 


Weare indebted to Drs. J. E. Gibbons, G. Collins, and R. E. 
Cavey for the hemodynamic studies. 


Presented at the Thirteenth Annual Meeting of The Society 
of Thoracic Surgeons, Jan 24-26, 1977, San Francisco, CA. 


Address reprint requests to Dr. Dobell, The Montreal Chil- 
dren’s Hospital, Montreal, Que, Canada. 


264 


pulmonary artery, the cavity size will gradually 
enlarge as compliance increases. The prospect of 
an excellent long-term result is high if the right 
ventricle can be encouraged in this way. We 
have found right ventricular pressures to be 
normal in all our long-term follow-up studies. 


Clinical Material 

Twenty-four infants were operated on between 
1962 and 1976. Their clinical courses have been 
reviewed together with the pathological speci- 
mens obtained from all but 1 of the patients 
who died. All angiograms have been reviewed 
several times. On the basis of our experience 
and the reported experience of others, we have 
formulated certain concepts about pulmonary 
atresia, concepts that we did not hold during 
most of our own experience. Thus the opera- 
tions actually performed in this series are in 
many cases not those that we would currently 
advise. Twelve infants were seen on the day of 
birth, 9 later in the first week of life, and the 
remaining 3 at 3 weeks, 10 weeks, and 8 months 
of life, respectively. All were intensely cyanotic 
with oligemic lungs on radiological examina- 
tion, and many were acidotic. 

Early in this experience 5 critically ill infants 
were operated on without preoperative cardiac 
catheterization or angiography. Three patients 
died, and their malformations were classified on 
the basis of postmortem examination. The 2 sur- 
vivors in this group underwent heart catheteri- 
zation and angiography subsequent to opera- 
tion, and pathological classification was based 
on these studies. 


Angiographic and Pathological Classification 

The remaining 19 infants underwent preopera- 
tive catheterization studies which permitted 
angiographic classification of their right ven- 
tricular anatomy. Twelve infants died in the 
postoperative period, and 1 died 4 years later. 
Postmortem examination was performed in all 
but 1 of these patients, and the findings were 
correlated with their preoperative status. 


~i 
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The traditional division [5] into type I (di- 
minutive right ventricular cavity) and type II 
(adequate right ventricle) was made. We noted 
that in some type I infants the conus did not 
show angiographically (Fig 1); we have desig- 
nated these type IA in contrast to type IB, in 
which the small right ventricular cavity ex- 
tended right up to the atretic valve (Fig 2). The 


Fig 1. Right ventricular angiogram showing a small 
cavity and many sinusoids. The conus is not 
visualized (type IA). 


Fig 2. Right ventricular angiogram showing an open 
conus up to the atretic valve (type IB). 


anatomical correlate of this angiographic ap- 
pearance was noted in postmortem specimens 
(Figs 3, 4). In the 4 patients who did not have an 
angiogram the classification was made on the 
basis of postmortem examination. In these in- 
stances the type IA specimens did not have more 
than a probe-patent pathway below the atretic 
valve. 


Fig 3. Anatomical specimen of type IB heart showing 
patent outflow tract up to the valve. 





Fig 4. Anatomical specimen of type IA heart in which 


there is no more thana threadlike passageway 
through the conus. 
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Although a typical IB angiogram could be rec- 
ognized easily, we noticed that prominent 
sinusoids [4, 5] could sometimes mimic the 
conus. These tended to flare out on the angio- 
gram rather than to form a domelike cap. Exam- 
ination of the lateral angiograms always re- 
vealed the proper classification. 


Technique of Pulmonary Valvotomy for 
Pulmonary Atresia 

Our technique has evolved along with our ex- 
perience. We now perform a median sternotomy 
and introduce a curved pointed instrument 2 
mm in diameter (Fig 5) into the cavity of the 
right ventricle about 1 cm proximal to the atretic 
valve. The valve is perforated with this instru- 
ment, Hegar dilators of progressively larger 
caliber are then passed through this tract and 
into the pulmonary artery. We have always been 


Fig 5. Instruments used in pulmonic valvotomy for 
pulmonary atresia. The pointed instrument on the 
right is introduced into the right ventricular conus 
through a stab wound. It is then passed upward 
through the atretic valve into the pulmonary artery. 
Progressively larger dilators up to 6 mm are then 
inserted by the same route. 














able to introduce a 6 mm Hegar dilator, a size 
that generally fills the main pulmonary artery. 

It seems important that the passage of the 
pointed instrument be carried out in two defi- 
nite stages, the first being entry into the conus 
and the second, a cephalad thrust to perforate 
the atretic valve. The point of entry into the 
ventricle should be central in the outflow tract so 
as to avoid making a passage through the thick 
muscle beneath the right and left (posterior) 
pulmonary valve cusps [1]. 


Early Results 

Surgical results are given in Table 1, which 
shows the ineffectiveness of pulmonary val- 
votomy for the type IA deformity. The 8 patients 
in this category include 3 who were operated on 
without an adequate right ventricular angio- 
gram. In fact the lone survivor was initially con- 
sidered to have tricuspid atresia and underwent 
a cavopulmonary shunt on the second day of 
life. We no longer consider it justifiable to oper- 
ate without preliminary studies, regardless of 
the critical state of the infant. However, earlier 
in our experience we occasionally performed a 
pulmonary valvotomy when clinical, radiologi- 
cal, and electrocardiographic evidence indicated 
pulmonary atresia and when the infant was al- 
most moribund. 

Correlation between pathological and angio- 
graphic anatomy is indicated in Table 2, which 
lists information on the 11 infants who under- 
went postmortem examination compared to ret- 
rospective review of the right ventricular an- 
giograms viewed blindly without other data. 
Retrograde filling of the coronary arteries 
through sinusoidal connections from the right 
ventricle was seen only in type IA patients. The 
tricuspid valve was also somewhat smaller in 
these instances, even though type IB patients 
also had diminutive right ventricular cavities. 

Four of the 9 infants with type IB deformities 
died. One underwent a cavopulmonary shunt; 3 
died after pulmonary valvotomy (2 in 1964 and 1 
in 1969). Type IB patients tend to improve slowly 
after operation; they require intensive post- 
operative care based on an understanding of 
pathophysiology that we did not have in our 
earlier years. Often there is very little evidence 
immediately after valvotomy of flow from the 
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Table 1. Surgical Treatment of 24 Infants with Pulmonary Atresia 


eee 


No. of 


Classification Patients 


ee 


Type IA (small RV cavity, 8 
absent conus) 


Type IB (small RV cavity, 9 
conus present) 


Type II (adequate RV cavity, 7 
conus present) 


Operation Lived Died 
Pulmonary valvotomy (5) 0 5 
Cavopulmonary shunt (1) 1 0 
Systemic-pulmonary 0 2 
shunt (2) 
Pulmonary valvotomy (7) 4 
Cavopulmonary shunt (1) 0 1 
Valvotomy and 1 
systemic-pulmonary 
shunt (1) 
Pulmonary valvotomy (7) 6 1 


oo eeeeeSSSSSSSSSSSSSSSSSSSSSSSSssseseseseseeee 


RV = right ventricle. 


Table 2. Angiographic and Pathological Correlation 
in 11 Infants Who Underwent Postmortem 
Examination * 


er 


No. of 

Patients 
Information? IA IB 
TENA 
Type of ventricle by pathological 7 4 


examination 
No angiogram done 
Correlation data available 
Type I ventricle by angiogram 
Conus absent on angiogram 


RV-coronary artery fistulas by 
angiogram 


————— 


“Postmortem examination was not permitted in the single 
type II death. 

"Tricuspid valve diameter: type IA—4, 5, 5, 5, 5, 7, and 8 
mm, type IB—8, 9, 9, and 14 mm. 


wun U N 
SOW WH 


RV = right ventricle. 


right ventricle into the pulmonary artery. The 
thrill palpated in the operating room may not be 
impressive, nor may the murmur heard at the 
termination of the operation. The arterial oxy- 
gen tension may remain low. However, we have 
found that day-by-day, with modern neonatal 
intensive care, these infants tend to improve. 
The right ventricular compliance increases, 
right ventricular capacity increases, the tricus- 
pid valve dilates, and, most important, right 
ventricular filling pressure drops. As the right 
ventricle accepts more blood, the right-to-left 


atrial shunt is reduced and arterial saturation 
improves. 

This postoperative improvement may take a 
week or more with type IB patients but is of 
course more dramatic with type II infants, who 
have a right ventricle of about normal size. Im- 
provement is immediate and the risk of val- 
votomy is less, as indicated by the 6 survivors 
among our 7 patients in this category. The single 
death occurred in 1962. 


Late Results 

Twelve infants survived the initial operation. 
One died 4 years later during a second operation 
that we would now consider inappropriate. 
Three infants had their first operation within the 
past 18 months; they have not been reevaluated. 
There are now 8 patients who have undergone 
repeated hemodynamic evaluations and 6 of 
them have had subsequent operative proce- 
dures (Table 3, Fig 6). 

Attention should be drawn to the infant, op- 
erated on in 1963, who has now been observed 
for 13 years since this single operation in in- 
fancy. Six years after valvotomy, heart 
catheterization disclosed right ventricular pres- 
sure and arterial oxygen saturation in the normal 
range; she remains clinically well. Thus an atre- 
tic valve blindly perforated and torn in infancy 
to produce an orifice equal to the size of the 
pulmonary annulus can keep pace with body 
growth and remain unobstructed throughout 
the child’s growing years. 
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Table 3. Follow-up Data on 8 Surviving Children Born with Pulmonary Atresia 





Preop Catheterization 





Second Catheterization 








Yr of 

Initial — RV O» Satu- RV O» Satu- 

Operation Type Age Pressure ration (%) Operation Age Pressure ration (%) 

1966 IA 1 day 26 Cavopulmonary 14 mo 120/0 87 
shunt 

1971 IB 1 day 170/4 50 Valvotomy plus 3 yr 45/3 95 
central shunt 

1974 IB 1 day 120/10 44 Valvotomy 7mo 70/0 95 

1975 IB 8 mo 200/11 25 Valvectomy 10 mo 26/10 70 

1963 II 10 wk 85/5 50 Valvotomy 6 yr 31/8 94 

1964 II 2 days 100/0 55 Valvotomy 4 yr 140/7 93 

1965 Il 2days ... sag Valvotomy 4 yr 130/4 88 

1969 II 4 days 130/6 66 Valvotomy 4 yr 80/0 


Ėmus 


RV = right ventricle; ASD = atrial septal defect. 


The 1975 operation is also of interest. Here the 
ductus remained patent until we saw the child at 
8 months of age, weighing 5 kg. A conus was 
seen above the diminutive right ventricular cav- 
ity, and the pulmonary valve was visualized 
under cardiopulmonary bypass and excised 
since the atretic membrane was thickened and 
dysplastic. The atrial defect was not closed, and 
although the ductus was temporarily occluded 
during the procedure, we decided to release the 
ductus before terminating the operation be- 
cause, despite the valvectomy, there did not 
seem to be enough blood ejected from the right 
ventricle into the pulmonary artery. The right 
ventricular systolic pressure after bypass was 78 
mm Hg. Two months later it was 26/10, but a 
noticeable right-to-left shunt remained as indi- 
cated by the 70% arterial oxygen saturation. One 
year after this study the shunt had reduced 
further and cyanosis was barely detectable (Fig 
7). The ductus had closed. Angiograms done at 
each heart catheterization have shown progres- 
sive expansion of right ventricular cavity size, 
and we now hope that right ventricular filling 
pressure will decline. Although surgical closure 
of the atrial defect is tempting, we expect the 
shunt to subside spontaneously, and we do not 
plan to operate. 

Five children required second operations on 
the pulmonary valve following closed val- 


votomy in infancy.* Four of the 5 had severe 
ventricular hypertension as the indication for 
the second operation; 1 required the procedure 
primarily to take down a central (Waterston) 
shunt constructed in infancy. In all these chil- 
dren the right-to-left shunt had diminished to 
the point that cyanosis was clinically undetecta- 
ble. 

The valve tissue in 1 child was thickened and 
the commissures were poorly defined. Accord- 
ingly, the valve was totally removed. The re- 
maining children underwent triradiate val- 
votomy. The atrial septal defect was closed in 2 
children. In 1, the right ventricular pressure re- 
turned to normal immediately after operation; 
but in the other, right ventricular pressure rose 
to 150 mm Hg, considerably higher than the 80 
mm Hg recorded during the preoperative study. 
Heart catheterization a year later disclosed nor- 
mal right ventricular pressure in this child. 

Our only surviving patient with type IA de- 
formity (diminutive right ventricular cavity and 
no pulmonary conus) was a cyanotic infant who 
in 1966, at the age of 28 hours, was transferred 
to our care. A chest radiograph showed border- 
line cardiomegaly with reduced pulmonary 


*We are indebted to Dr. G. Trusler of Toronto and Dr. J. P. 
Binet of Paris for observations in two of these operations. 
Follow-up after Dr. Binet’s operation has been provided by 
Dr. J. Ollagnier of Paris. 
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Third Catheterization 








Yr of Second Operation 

Initial RV O, Satu- Present 

Operation Age Type Age Pressure ration (%) Condition 

a ee aa N 

1966 8 yr Subclavian 10 yr 170/10 89 Moderate 
pulmonary shunt restriction 

1971 3 yr Shunt closure, 5 yr 36/0 96 Asymptomatic 
valvectomy 

1974 16 mo -Valvotomy, 2 yr 28/10 95 Asymptomatic 
ASD closure 

1975 None 2 yr 20/9 81 Mild cyanosis 

1963 None vee one ge Asymptomatic 

1964 4 yr Valvotomy 12 yr 28/5 91 Asymptomatic 

1965 4 yr Valvotomy 11 yr 32/7 90 Asymptomatic 

1969 5 yr Valvotomy, 6 yr 30/3 Asymptomatic 
ASD closure 


eC rr 


blood flow. The ECG indicated abnormal left 
ventricular dominance with right atrial P waves. 
His arterial oxygen saturation was under 30%, 
and he was extremely acidotic. 

Anemergency cavopulmonary shunt was per- 
formed in the belief that the tricuspid valve was 
atretic. Despite many postoperative complica- 
tions, the infant recovered. The true diagnosis 
was not established until cardiac catheterization 
was performed at 14 months of age. Arterial 
saturation at this time ranged from 78 to 80%. 
Hemoglobin was 16.3 gm. The right ventricular 
pressure was 120/5,.and angiocardiography 
showed type IA pulmonary atresia with an in- 
tact ventricular septum. The cavopulmonary 
anastomosis had grown with the child and ap- 
peared to be effective. 

In 1973, at the age of 8 years, his hemoglobin 
had risen to 20 gm and cyanosis had recurred. A 
left subclavian-pulmonary anastomosis was 
performed with considerable clinical improve- 
ment. 

Heart catheterization, by means of a double 
catheter technique [7], was again performed in 
1976 when the patient was 10 years old. The 
arterial oxygen saturation was 90%. The right 
ventricular cavity was small without a conus, 
and the pressure within it was 170/16. 

In summary, this boy was born with pulmo- 
nary atresia and a thick-walled, small-cavity 
right ventricle. He has undergone two palliative 


procedures with clinical improvement, but his 
right ventricle remains totally bypassed and 
nonfunctional, and there has been no important 
right ventricular growth (Fig 8). We now be- 
lieve that optimal treatment for such a neonate 
should consist of a life-saving systemic- 
pulmonary shunt, followed later in infancy by 
reconstruction of the right ventricular outflow 
tract so that the right ventricle can enter the 
cardiopulmonary circuit. We regret not doing so 
in this boy, and we doubt that right ventricular 
growth would occur if reconstruction were to be 
done on his still diminutive right ventricle at his 
present age. 


Comment 

The initial right ventricular angiogram must be 
critically reviewed by the surgeon in order to 
decide whether the conus is open up to the 
valve. The double catheter technique advocated 
by Freedom and associates [7] can demonstrate 
the anatomical situation by simultaneous 
opacification of the pulmonary artery (through 
the ductus) and the right ventricle. The clear an- 
giograms reproduced in their paper emphasize 
the point we wish to make in demonstrat- 
ing varying lengths of atretic segment be- 
tween the right ventricular cavity and the pul- 
monary artery. Cole and colleagues [3] reviewed 
39 postmortem examinations and, commenting 
on surgical implications, suggested that a shunt 


270 The Annals of Thoracic Surgery Vol 24 No 3 September 1977 


200 


150 


100 





40 

20 
Before Before Last Study 
Ist Operation 2nd Operation 


Fig 6. Right ventricular systolic pressures at 
different periods. The triangular symbols indicate 
the pressures in our survivor without a patent 
conus in whom pulmonary atresia remains. His 
arterial oxygen saturation at age 10 is 89%, with 
pulmonary flow provided by surgically constructed 
shunts. Two children did not require a second 
operation. Note the normal right ventricular 
pressures in all late studies on infants who hada 


patent conus. 
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Fig 7. Physiological response to valvotomy 
showing improvement in arterial oxygen saturation 
during the early postoperative period and 
progressive improvement as demonstrated by two 
subsequent heart catheterizations. We expect the 
right-to-left atrial shunting to stop when right 
ventricular compliance becomes normal. 


271 Dobell and Grignon: Pulmonary Atresia 





Fig 8. Anteroposterior and lateral angiograms ina 
patient with type IA pulmonary atresia at age 10. 
The diminutive right ventricular cavity has not 
grown. Note the distance between this cavity and the 
pulmonary artery (filled by transarterial 
catheterization of a left subclavian—pulmonary 
anastomosis). 


rather than a valvotomy should be done when 
the obstruction was by “thick muscle” rather 
than by a “thin diaphragm.” 

It is possible that the critical abnormality in 
pulmonary atresia is a minor variation in the 
anatomy of the foramen ovale so that in fetal life 
all systemic venous return flows through the 
atrial septum and bypasses the right ventricle. 
The right ventricle then remains undeveloped, 
and the pulmonary valve, held closed by the 
continual flow through the patent ductus, re- 
mains or becomesatretic. This is pure conjecture 
on our part, but the interesting consideration for 
surgeons is: Can the right ventricle grow and 
develop once it takes on its responsibility of 
propelling blood into the pulmonary artery? 

Our experience and that of others [6, 8, 9] 
indicates that this development certainly can 
take place in the type IB and type II malforma- 
tions, each of which has a patent conus up to the 


atretic valve. As the right ventricle accepts and 
ejects more blood, the right-to-left atrial shunt is 
reduced and cyanosis gradually disappears. The 
foramen ovale defect tends to close as the right 
ventricular filling pressure drops, and even 
when a second operation has been necessary for 
definitive removal of the obstruction at the pul- 
monary valve, we have preferred not to close the 
atrial defect. Certainly closure might precipitate 
right heart failure in a cyanotic child. We have 
seen how right ventricular pressure actually rose 
in such a patient despite an effective valvotomy, 
and this situation could precipitate serious ar- 
rhythmias or even right ventricular ischemia. 
The operation in a neonate must be based on 
the anatomy of the obstruction. Routine pulmo- 
nary valvotomy will give disappointing results 
[2, 12], but this operation will certainly be effec- 
tive in those infants who have a patent conus. 
Although we wish to emphasize the desirability 
of performing pulmonary valvotomy in these 
patients, we have referred to the fact that im- 
provement is not always immediate. In fact, it 
has often taken about a week of intensive care 
during which these patients have progressively 
improved as their right ventricular compliance 
increased. Some surgeons might prefer to con- 
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struct a systemic-pulmonary shunt before, con- 
comitant with, or after the valvotomy. We have 
rarely done this, although we have considered 
the shunt in the first day or two after operation 
when improvement has not been striking. Re- 
cently we have administered E-type prostaglan- 
dins [10] to maintain ductal patency and have 
extended the intravenous administration into 
the early postoperative period. 

Our only survivor with a type IA deformity 
(absent conus) has not had the opportunity for 
ventricular development because the right ven- 
tricular outflow tract has not been reconstructed. 
We now believe that infants with IA lesions 
should undergo a systemic-pulmonary shunt as 
the initial life-saving maneuver. This should be 
followed by right ventricular outflow tract re- 
construction, probably in the second 6 months 
of life. Optimally, the baby would double his 
birth weight by this time, and a more satisfac- 
tory reconstruction could be achieved. The op- 
eration would involve a vertical ventriculotomy 
from the main pulmonary artery into the di- 
minutive right ventricular cavity. After resec- 
tion of muscle from the septal and parietal as- 
pects of the conus, a wide humped roof patch 
would be secured. 

We cannot emphasize too strongly the ex- 
treme importance of having blood flow through 
the right ventricle so that it can develop. Thus 
the approach of constructing a systemic- 
pulmonary shunt and performing a balloon sep- 
tostomy [11], although proved effective in the 
short run, does not appeal to us because it di- 
verts blood away from the right ventricle. Our 
objective in all cases should be to have the right 
ventricle in the cardiovascular circuit before the 
end of the first year of life. 

The long-term results that can be achieved, 
although they may necessitate a second opera- 
tion, are among the most satisfying in the entire 
field of cardiac surgery. 
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Discussion 

DR. W. H. WILLIS (Atlanta, GA): I share Dr. Dobell’s 
frustration with this problem, and I am afraid I have 
few if any facts to contribute. I would like to thank Dr. 
Kenneth Dooley, my colleague in cardiology, for data 
recently summarized from the very valuable data base 
of the New England Regional Infant Cardiac Program, 
under the direction of Drs. Fowler and Nadas of Bos- 
ton. 

From 1968 until 1974, 2,300 infants less than 1 year 
of age were admitted to the Infant Cardiac Program in 
New England. Sixty-nine (3%) of these infants suf- 
fered from pulmonary atresia with an intact ventricu- 
lar septum. 

To emphasize the very severe nature of this lesion, 
35 of these infants were treated by shunt alone, witha 
51% hospital mortality; 12 were treated by valvotomy 
alone, with a 50% initial hospital mortality; and 12 
were treated by valvotomy and shunt combined, with 
a 75% mortality. 
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At the time of Dr. Dooley’s review of these data, 81% 
of the children admitted to the New England Regional 
Infant Cardiac Program with pulmonary atresia and 
intact ventricular septum had died. Only 1 child had 
lived to total correction of this defect. Obviously, this 
is an ominous defect. 

I think we must be careful in looking at the data of 
Drs. Dobell and Grignon to sort out the three 
categories which are really, I think, different lesions 
in terms of their approach. I believe most of us would 
agree that the shunt is the only alternative in type IA 
children. However, we have been severely troubled 
by the frequent incidence of ventricular arrhythmias 
in these patients. This is the group that has a severely 
hypoplastic right ventricular chamber with a thick 
wall and no conus visible by angiogram. We have 
questioned whether this might be related to the se- 
verely hypertrophic wall or thickened muscle, the 
hypoxia present in this lesion, the hypertension pres- 
ent in that ventricle, and perhaps the runoff of coro- 
nary blood to the sinus which we see draining back 
into the aorta. 

My first question, Dr. Dobell, is whether you have 
attempted to decompress the right ventricle in any 
type IA patients by disrupting the tricuspid valve, 
using any closed procedure that might disrupt the 
papillary muscle, the cords, or the valve leaflet itself. 

I think we have very little argument concerning 
type II. Certainly valvotomy was successful as an in- 
itial procedure in all but 1 of the patients in the pres- 
ent series, and this has been the experience of most 
of us who treat this particular problem. I would raise 
the question, however, of an alternative approach: a 
supraannular approach to inflow occlusion. This is an 
approach used with pulmonary stenosis, and one 
which we have also found useful in pulmonary atre- 
sia. A very brief period of inflow occlusion is re- 
quired, usually no longer than 11/2 to 2 minutes, with 
occlusion of the vena cava by clamps or tourniquets. 
We do not use a tourniquet on the pulmonary artery, 
but rather use a small vascular clamp to eliminate the 
blood returning from the ductus. The pulmonary ar- 
tery is opened just at and slightly distal to the an- 
nulus, and the valve is usually excised by picking up 
the dome of tissue obstructing the orifice. A 
valvectomy is then performed. I believe this provides 
a somewhat safer and better view of the valve than the 
closed approach, and I think it eliminates some of the 
obstructing fragments of tissue which inevitably re- 
main following a closed procedure. We also dilate the 
valve in a manner similar to that of Dr. Dobell, but ina 
retrograde fashion. 

Concerning the only controversial subject here, I 
believe that we should not yet draw conclusions as to 
the management of type IB patients. This really is a 
debatable group. Nine patients in the present series 
were operated on; 7 had valvotomies (4 of these pa- 
tients are alive)—and as I remember, 1 underwent 
recatheterization and had a second valvotomy. 


I would like to raise four final questions, Dr. Dobell. 
First, have you considered formalin injection of the 
ductus, as described by Dr. Castaneda, to maintain its 
patency at the time of the valvotomy and perhaps 
minimize the stormy postoperative course you have 
described? Second, what shunt do you prefer in these 
infants? Third, have you considered, in view of the 
high mortality and morbidity in this group of infants, 
a primary patch reconstruction of the outflow tract 
under deep hypothermia and circulatory arrest? Fi- 
nally, have you been able to measure and establish 
that the right ventricles do indeed grow in this group 
of critically ill infants? 


DR. JAMES R. MALM (New York, NY): Dr. Dobell has 
identified certain important anatomical features of 
this rare and complex defect. While we find that rigid 
anatomical classification is difficult, certainly the size 
of the right ventricle is convenient for discussion. 

At the Columbia Presbyterian Hospital our first 
experience was with pulmonary valvotomy alone, and 
in this group of 9 patients, only 2 were alive after 1 
year. It was noted that the valvotomy resulted in 
unpredictable pulmonary blood flow. Systemic- 
pulmonary shunts were then carried out in 6 patients. 
While the shunt provided adequate blood flow, late 
angiograms showed evidence of failure to decom- 
press the right ventricle. We have previously pre- 
sented good evidence that under those conditions, 
the right ventricle does not develop and that there is 
increasing tricuspid regurgitation. In our series and 
in Dr. Trusler’s, there was a high incidence of late 
sudden death. 

In our present approach, a combined procedure 
which we have now used in 14 patients, we perform a 
pulmonic valvotomy through a right thoracotomy ex- 
tended anteriorly, followed concomitantly by right 
pulmonary artery—ascending aorta shunt. Our salvage 
rate was 80% in this group. 

We believe the majority of patients require both a 
shunt to relieve hypoxia and a pulmonary valvotomy 
to allow some degree of growth and development of 
the right ventricle. 

We consider these repairable defects, and 5 pa- 
tients have been corrected with 1 death, that of a 
3-month-old child. In these procedures, the right ven- 
tricular outflow tract was reconstructed in 3 patients 
with an outflow patch and in 1 with a valved conduit. 
The atrial septal defect was left partially open in sev- 
eral patients based on our experience with hypo- 
plastic right ventricle. The status of the tricuspid valve 
is always variable. 

I would stress that any initial plan for palliation 
should be carried out with the thought that these are 
correctable defects. 


DR. HARVEY W. BENDER (Nashville, TN): This is a dif- 
ficult problem, and I agree with Dr. Dobell’s com- 
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ments concerning the overall long-term results in 
these patients. 

We have been interested in this problem for a 
number of years, and we have adopted an approach 
very similar to what Dr. Dobell outlined. We have 
found one thing that is a little worrisome, and we are 
not sure of its importance. We recognize that the 
gradients across the right ventricular outflow tract in 
these children have been abolished in most instances, 
and we have been able to document the fact that the 
right ventricle does grow; but we have evidence to 
suggest that while it grows and there is no systolic 
gradient, the mechanical function of the ventricle is 
depressed. We have seen high end-diastolic volumes 
and low ejection fractions in these children. And 
while they are asymptomatic at the present time, I am 
not sure what the long-term situation will be because 
of the abnormal right ventricular mechanics. 


DR. DOBELL: Dr. Willis has asked a number of ques- 
tions. We have thought of creating tricuspid incompe- 
tence to develop the right ventricle, but we have not 
done it and I don’t think we ever will. I think our 
approach would be to carry out an earlier reconstruc- 
tive operation that would allow the right ventricle to 
empty into the pulmonary artery. We have also per- 
formed this operation under inflow occlusion. But 
many of our infants are extremely ill; they are rushed 
from the catheterization laboratory to the operating 
room, and I have thought it was much simpler to doa 
closed valvotomy. I plan to continue this unless the 
situation is fairly elective. Nor have we treated the 


ductus with formalin. I don’t think I should comment 
further on that. 

One of our advantages, of course, is that we, not 
being under the control of the United States Food and 
Drug Administration, have access to the E2 prosta- 
glandins. I don’t believe they have been released for 
use in the United States yet. We use these agents to 
keep the ductus open the first day or two, and that is 
extremely helpful. We would like to use them into the 
postoperative period, because one of the important 
features we wish to emphasize is that these children 
do not improve immediately, but over hours, even 
days, in the recovery room, and one must have faith. 

I don’t know what shunt I would use. We have not 
performed many shunts in these infants. I suspect I 
might use a Gore-Tex graft, and I would try to make a 
fairly sizable shunt. 

The right ventricle unquestionably grows, as evi- 
denced in the literature. It has definitely grown in 
these children. I have had the experience of seeing 
these children when they are 12 years old, and they 
are perfectly normal, even those who had a small right 
ventricle. 

Dr. Malm has emphasized that this is a repairable 
lesion, and I wholeheartedly agree. You don’t get any 
points for palliation—it is an intermediate step. But 
really, the results can only be assessed after this sec- 
ond procedure. I would advise him not to do the 
valvotomy if there is no conus because it isn’t going to 
help, and that is one of our points. 

Dr. Bender has stated that compliance of the right 
ventricle is not normal initially, and we agree, but we 
believe it becomes normal with time. 
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The new PAD or an Intra-Aortic Balloon can be used 
with the System 80. 
The Datascope System 80 begins with 
a better idea: a better balloon. It offers the 
only dual-chamber balloon” available in 
balloon pumping. Our dual-chamber bal- 
loon produces unidirectional blood flow 
which creates 66 to 100% more coronary 





The PAD Pulsatile Assist Device in use during open 
heart surgery. 


blood flow than conventional single- 
chamber balloons. 

But the System 80 doesn’t just offer a 
better balloon, it offers a safer balloon. It 
was the first system to use COœ2 instead of 
helium. And it continues to do so. (Heliun 


can compromise the safety of a system. 
COz cannot.) 
The System 80 is a completely closed 

«system. Our intra-aortic balloon connects 

to a slave balloon housed in a special 

safety chamber. So the maximum amount 

of gas that can enter the intra-aortic bal- 

loon is absolutely controlled. 

The System 80 is triggered by either 
ECG or by a pressure waveform. So it 
can operate without interference from 
electrosurgery. 

The System 80 is highly mobile. In 
fact, it is just about half the weight of other 
systems. And it will run 4 hours or more 
on batteries. Which is at least 4 times as 
long as other systems. 

Yet with all these advantages, the 
System 80 costs about 25% less than other 
systems. 

And the System 80 offers something 
that no other balloon pump offers at any 
price. It is the only balloon pump in the 
world that lets you use the PAD® Pulsatile 
Assist Device. 

PAD “* is the 

first clinical device 
o produce both 
pulsation and 
counterpulsation 
from a heart-lung 
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the need of an intra-aortic balloon and the 
additional surgery required. 

PAD converts the continuous flow of 
the roller pump to pulsatile flow that can 
be synchronized with the heartbeat, or 
provides counterpulsation both before anc 
after cardiopulmonary bypass? 

Clinical use of PAD has demonstrated 
a marked increase in urinary output and 
coronary graft blood flow?’ And it has 
shown a marked decrease in the peri- 
Operative myocardial infarction rate: 

All in all, the System 80 gives you a 
unique choice: a balloon pump that does a 
better job pumping, or the world’s first 
Pulsatile Assist System. 

For more information on the System 
80 or on the revolutionary PAD write 
or call: 

Datascope Corp., Box 5-B, Paramus, 
N.J. 07652. (201) 265-8800. Or, 
Datascope B.V., Kyftenbeltlaan 6, 
Hoevelaken, Holland. Tel. 03495-4514. 
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Simplified Management of 


Chylothorax in Neonates and Infants. 


Josepha M. Craenen, M.D., Thomas E. Williams, Jr., M.D., 


and James W. Kilman, M.D. 


ABSTRACT A simplified method for managing 
chylothorax in neonates and infants is presented. Use 
of an elemental diet markedly reduces the volume of 
the chyle leak while supporting total caloric intake. 
Either prolonged drainage or reexploration often can 
be avoided by the use of the described regimen. 


Much progress has been made over the last few 
years in the management of chylothorax in neo- 
nates and infants. Two areas still require clarifi- 
cation: (1) the use of dietary measures to control 
the volume of chyle leak; and (2) proper man- 
agement of the pleural space. 


Case Reports 


PATIENT 1. A premature boy was found to 
have a left pleural effusion shortly after birth. 
Thoracentesis revealed clear fluid with 2,000 
cellsimm*, 100% lymphocytes. The protein value 
was 2.3 gm/100 ml; fat determinations were 
negative. A diagnosis of chylothorax was made. 
The child was transferred to the Columbus Chil- 
dren’s Hospital, where he was found to have 
Down’s syndrome and an atrioventricular canal. 
Drainage from a previously inserted chest tube 
was minimal when oral Pedialyte* was adminis- 
tered and a medium-chain triglyceride (MCT) 
diet (Portagent) was instituted. No recurrence 
of effusion was found in the subsequent four 
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weeks of hospitalization, during which the child 
gained 260 gm to a discharge weight of 2,320 gm. 

PATIENT 2. An infant boy was hospitalized 
eight days after birth with shortness of breath. 
He was the product of a full-term pregnancy and 
delivery, complicated by wrapping of the cord 
around the neck. Chest roentgenogram showed 
a left pleural effusion. Thoracentesis revealed 
milky fluid with a triglyceride level of 3,100 
mg/100 ml, which confirmed the diagnosis of 
chylous effusion. The child was given intrave- 
nous fluid for 48 hours and was started on an 
MCT diet. Fluid recurred after each of two addi- 
tional thoracenteses. He was then given an ele- 
mental diet of Vivonex.t The fluid resolved over 
the next few days. No further fluid accumulated 
in the left pleural space, and the infant gained 
300 gm. The MCT diet was resumed, and no 
fluid accumulation was noted during the next 48 
hours. The infant was discharged. At a follow- 
up visit one month later there was no reaccumu- 
lation of fluid. 

PATIENT 3. A 9-month-old boy underwent 
elective division of an aberrant right subclavian 
artery that had caused recurrent respiratory 
obstructive symptoms. Chest drainage for the 
first postoperative day was 75 ml. The clear yel- 
low fluid became milky and turbid when the 
child was fed milk orally. He was started on an 
elemental diet. When no further chest drainage 
was recorded for the next week, he was started 
on an MCT diet. The chest tube was removed 
after no further drainage occurred over the next 
48 hours. He was discharged, and at a follow-up 
visit one month later no pleural fluid was found. 


Comment 

Chylothorax in neonates and infants usually re- 
sults from birth trauma, congenital anomalies of 
the lymphatic system, or a surgical procedure 
such as subclavian—~pulmonary artery anas- 


Eaton Laboratories, Norwich, NY 13815. 
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tomosis, repair of a patent ductus arteriosus, or 
resection of a coarctation of the aorta [1, 3, 6, 7]. 
Whatever process causes chylothorax, the 
management of nonmalignant chylous effusions 
reduces to three basic principles: (1) replace- 
ment of nutritional losses from the chyle leak; (2) 
reduction of the volume of thoracic duct lymph 
flow by dietary means; and (3) maintenance of 
full expansion of the lung on the affected side. 
Controversy previously existed as to whether 
a low-fat diet or a high-fat, high-caloric diet 
was most effective in nutritional replacement. 
This argument became less important in 
1964, when Hashim and associates [5] estab- 
lished the principle of reduction of thoracic duct 
lymph flow. They recognized that they could 
both provide adequate nutritional support and 
reduce thoracic duct lymph flow by use of an 
MCT diet (fatty acid chains of ten carbon atoms 
or less), as shown in the Table. These com- 
pounds are absorbed by means of portal system 
blood flow rather than through the lymphatic 
system. Many authors have confirmed and sup- 
ported their work [4, 8]. However, some pa- 
tients on an MCT diet continue to produce large 
volumes of chyle [2]. Reduction of thoracic duct 
lymph flow was achieved in 1 infant by the use 
of intravenous hyperalimentation [12]. Thurer 
[11] reported a patient with bilateral chylo- 
thoraces and occlusion of the superior vena cava, 
which precluded intravenous hyperalimen- 
tation, who was managed by means of an 


Pediatric Formulas (Fat Composition and Caloric 
Content) 


Total Trigly- 
fat ceride 
(meg/ (mg/ Calories 
Food 100 ml) 100 ml) (per 100 ml) 
Pedialyte 0 0 20 
Vivonex 145 117 100 
Portagen 3,200 3,200 67 
Similac 3,610 3,574 67 
(Ross 
Laboratories) 
Breast milk 4,500 ~ 4,500° 75 


288% medium-chain triglyceride oil. 
>Best available estimate. 


elemental diet. This approach was successful in 
2 of our 3 patients as well. 

Management of the pleural space in these pa- 
tients is directed to maintenance of full lung 
expansion. This permits healing of the leak or 
sealing through pleural symphysis. Multiple 
thoracenteses may achieve effective drainage; al- 
ternatively, closed tube thoracotomy or surgical 
exploration, as originally described by Lampson 
[9], may be required [1, 10]. 


Conclusion 


Based on our experience reported here and a 
review of the literature, we recommend the fol- 
lowing program for neonates and infants with 
benign congenital, posttraumatic, or postopera- 
tive chylothoraces. 


1. Confirmation of the diagnosis by thoracen- 
tesis or challenge with milk or cream. 

2. Use of an elemental diet for 10 days. 

3. Institution of closed tube thoracostomy if 
fluid reaccumulates after four thoracer:teses. 

5. Advancement to an MCT diet if steps 2,3, or 4 
are successful. 

6. Implementation of hyperalimentation if the 
effusionis notcontrolled bysteps2,3,4,and5. 

7. Surgical exploration if the previous steps do 
not control the effusion after 21 days. 
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Notice from The Society of Thoracic Surgeons 


Call for Abstracts—1978 Meeting 
(Deadline: August 31, 1977) 


Abstracts for papers to be presented at the 1978 
Annual Meeting of The Society of Thoracic Sur- 
geons are now being accepted. The meeting is to 
be held at the Sheraton Twin Towers Hotel, Or- 
lando, Florida, January 23-25, 1978. 

The deadline for receipt of abstracts is Au- 
gust 31, 1977. An original and eight copies 
should be submitted on the official society 
abstract form to Marvin M. Kirsh, M.D., Chair- 
man, Program Committee (Abstracts), The Soci- 
ety of Thoracic Surgeons, 111 E Wacker Dr, 
Chicago, IL 60601. The forms are available upon 
request from the Society. Abstracts must sum- 
marize an original contribution not presented or 
submitted elsewhere. Abstracts received after 
the deadline will not be considered. It is re- 
quested that the covering letter indicate the au- 
thor who is to receive notice of acceptance or 
rejection and the author who will present the 
. paper. 

The Program Committee reserves the right to 
select papers for either regular or forum-type 
presentation. The author may also designate his 
preference for presentation in the forum. Es- 
sayists are reminded that the complete manu- 
script must be submitted in duplicate either to 
the Editor of The Annals of Thoracic Surgery be- 
fore the meeting or to the Secretary of the Society 
at the meeting, immediately prior to presenta- 
tion. 


Call for Surgical Films 

(Deadline: September 7, 1977) 

The popular surgical movie program will again 
be presented at the Orlando meeting. The Pro- 
gram Committee hereby solicits the submission 
of surgical films, which may portray a surgical 
procedure or simply a technical maneuver that 
the surgeon thinks will be of interest to the Soci- 
ety. The film may not exceed 10 minutes in 
length. Sound movies are acceptable but not 
necessary, and live narration by the principal 
surgeon is a requirement for participation in the 
movie night program. The movies may be on 
Super-8 or 16-mm film. The deadline for sub- 
mission of films is September 7, 1977. Films also 
should be sent to Marvin M. Kirsh, M.D., 
Chairman, Program Committee, at the Society 
office, 111 E Wacker Dr, Chicago, IL 60601. 


Application for Membership 

(Deadline: September 1, 1977) 

Requests for membership application forms 
should be addressed to Charles R. Hatcher, 
M.D., Chairman, Membership Committee, The 
Society of Thoracic Surgeons, 111 E Wacker Dr, 
Chicago, IL 60601. 

The completed application forms and sup- 
porting letters must be in the hands of the Mem- 
bership Committee by September 1, 1977, for 
the applicant to be considered for election at the 
Orlando meeting next January. 


Thomas D. Bartley, M.D. 
Secretary 


Local Nerve Block 


Anesthesia for Peroral Endoscopy 


Tom R. DeMeester, M.D., David B. Skinner, M.D., 
Richard H. Evans, M.D., and Donald W. Benson, M.D. 


ABSTRACT Local glossopharyngeal and superior 
laryngeal nerve block anesthesia for peroral endos- 
copy was performed on 500 patients (313 bronchos- 
copies, 162 esophagoscopies, 25 combined bron- 
choesophagoscopies). The technique allows easy 
insertion of rigid and flexible scopes or awake tra- 
cheal intubation of conscious patients. Glos- 
sopharyngeal nerve block causes temporary abolition 
of the gag reflex and loss of tactile sensation over the 
posterior third of the tongue and the lateral and pos- 
terior wall of the oropharynx and hypopharynx. 
Superior laryngeal nerve block results in loss of tac- 
tile sensation over the posterior surface of the epiglot- 
tis and the mucosa of the larynx and upper trachea. 

Ten of the 500 patients (2%) had an inadequate 
glossopharyngeal block, and 4 of the 313 patients who 
had a bronchoscopic examination had an inadequate 
superior laryngeal block. In the remaining patients, 
excellent anesthesia was obtained with good patient 
acceptance and minimal morbidity. 


Topical local anesthesia is currently the tech- 
nique of choice for peroral endoscopy. For 
esophagoscopy, a topical anesthetic agent is 
applied to the mucosa of the oropharynx and 
hypopharynx. For bronchoscopy, a topical 
transmucosal block of the internal branch of the 
superior laryngeal nerve is performed by plac- 
‘ing anesthetic-soaked applicators in the piriform 
sinuses. The anesthetic agent is dripped 
onto the vocal cords and laryngeal mucosa 
using indirect visualization. These procedures 
are not only time consuming and uncomfortable 
for the patient, but they fail to fully eliminate the 
gag reflex, which arises from two modes of 
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peripheral stimulation, those of touch and pres- 
sure [1]. The topically administered anesthetics, 
while blocking the tactile receptors in the mu- 
cosa, are unable to block the deeper pressure 
receptors in the posterior third of the tongue. 
These pressure receptors can still initiate the gag 
reflex upon insertion of endoscopic instru- 
ments. Although the advent of fiberoptic endos- 
copy has made the endoscopic procedure more 
comfortable for the patient, topical anesthesia is 
still required, and patient gagging can be 
troublesome. 

Four years ago one of us, during attempts to 
measure differential oxygen uptake by bron- 
chospirometry in awake and nonmedicated pa- 
tients, accidentally discovered an anesthetic 
technique for tracheal intubation. A local anes- 
thetic agent was injected into the posterior 
pharynx of these patients in a manner similar to 
what one would do in removing the tonsils 
under local anesthesia. To our surprise, the gag 
reflex, which previously had been a problem, 
was temporarilv abolished. A search in the med- 
ical literature revealed that we were making use 
of the little-known glossopharyngeal nerve 
block [1]. With some modification in our origi- 
nal technique, we have used this glos- 
sopharyngeal nerve block for rigid and fiber- 
optic esophagoscopy, and in combination with 
superior laryngeal nerve block [2] for rigid and 
fiberoptic bronchoscopy. Over the past 30 
months we have used these blocks in more than 
500 patients and have found them to be safe and 
extremely helpful in making the peroral endo- 
scopic examination a comfortable experience. 


Technique 

The patient receives no medication before entry 
into the endoscopy unit. On arrival, the patient 
is placed on the endoscopic table in a sitting 
position similar to that assumed while in a den- 
tal chair. A mixture of 25 to 50 mg of meperidine 
and 1 to 1.5 mg of diazepam is slowly adminis- 
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Fig 1. Sagittalview showing the location of the 
injection site in the lateral oropharyngeal wall 
0.5 cm behind the midportion of the posterior 

tonsillar pillar. : 


tered intravenously through a scalp vein infu- 
sion set. Atropine (0.4 mg) is given intrave- 
nously to those patients who have excessive 
tracheal secretions. The electrocardiogram is 
monitored routinely during the endoscopic pro- 
cedure. 

The glossopharyngeal nerve block is per- 
formed using a finger-controlled 10 cc syringe 
and an angled 23-gauge tonsil needle with 1 cm 
of the shaft exposed at its tip.* Five milliliters of 
1% lidocaine is injected into the lateral 
oropharyngeal wall at a point 0.5 cm behind the 
midportion of the posterior tonsillar pillar, 
which is recognized as the posterolateral con- 
tinuation of the soft palate (Fig 1). This can be 
done easily, after a 5% cocaine spray to the back 
of the throat, by using a tongue blade in one 
hand to expose the posterior tonsillar pillar and 
injecting the lidocaine with the other hand 
using the finger-controlled syringe. The needle 
is inserted laterally and slightly posteriorly until 
the 1 cm shaft is buried in the lateral pharyngeal 


*Available from Becton-Dickinson and Company, Ruther- 
ford, NJ 07070. 


wall. At this point, the tip is adjacent to the 
glossopharyngeal nerve. An attempt to aspirate 
blood is made prior to slow injection. If blood is 
aspirated, the needle is withdrawn and rein- 
serted at an adjacent point. If the patient com- 
plains of headache during the injection, it 
should be stopped immediately. The same pro- 
cedure is repeated on the opposite side. Patients 
frequently complain at this point of inability to 
swallow, but when instructed to do so, they are 
readily able. If only esophagoscopy is to be per- 
formed, no additional anesthesia is necessary. 

If bronchoscopy is required, the superior 
laryngeal nerve is also blocked. To perform this 
block, the index finger is placed between the 
hyoid bone and the easily palpable posterior 
superior border of the thyroid cartilage. The 
carotid pulsation can be felt immediately un- 
derneath the finger when properly placed. With 
the finger in this position, the internal branch of 
the superior laryngeal nerve pierces the 
thyrohyoid membrane just anterior to the 
fingertip (Fig 2). A 22-gauge needle penetrates 
the skin just above the fingertip and is advanced 
medially in a slightly posteroinferior direction 
on a plane almost parallel with the clavicle, 
through the thyrohyoid membrane, and into the 
larynx. Entrance into the larynx usually occurs at 
a depth of 1 to 1.5 cm and is signified by the 
ability to aspirate air. The needle is then with- 
drawn until air can no longer be aspirated, and 2 
ml of 1% lidocaine is injected. The same proce- 
dure is repeated on the opposite side. 

If air cannot be aspirated, the local anesthetic 
should not be injected since this may cause 
swelling of the mucous membrane around the 
orifice of the larynx, making observation of the 
inlet to the larynx difficult. If difficulty in as- 
pirating air is encountered, the procedure may 
be modified by introducing a needle so as to 
contact the thyroid cartilage. Using this as a 
depth guide, the needle is moved up and over 
the superior margin of the cartilage and ad- 
vanced in a posteromedial direction through the 
thyrohyoid membrane.and into the larynx. 

With the patient in the recumbent position 
and the neck flexed, a laryngoscope can be in- 
serted with ease and comfort to provide a direct 
view of the piriform sinus, laryngeal opening, 
and-vocal cords, and the trachea. Both rigid and 
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Internal Branch of 
Superior Laryngeal Nerve 


Fig 2. Position of the index finger and point of needle 
insertion in performing the superior laryngeal nerve 
block. 


flexible bronchoscopes can be passed with equal 
ease. The only additional anesthesia necessary 
is occasional administration through the bron- 
choscope of a topical agent (5% cocaine) to the 
mucosa of the distal bronchial tree to alleviate 
the cough reflex. 

The majority of the blocks were performed by 
one of our surgical residents, so the results ob- 
tained should be reproducible by any physician 
endowed with average technical skill and are not 
due to the ability of any one endoscopist. 


Results 
Five hundred endoscopic examinations were 
performed with local nerve block anesthesia; 162 
patients had esophagoscopy using only glos- 
sopharyngeal nerve block, 313 had bronchos- 
copy using glossopharyngeal nerve block in 
combination with superior laryngeal nerve 
- block, and 25 had combined bronchoesoph- 
agoscopy using both nerve blocks. Esophagos- 
copy was performed with either the rigid or 
fiberoptic scope; in 17 patients both were used. 
Bronchoscopy was performed with either the 
rigid or fiberoptic scope; in 55 patients, both 
were used. : 
Glossopharyngeal nerve block caused tempo- 


rary and complete obliteration of the gag reflex 
and loss of tactile sensation over the lateral and 
posterior wall of the oropharynx, the hypo- 
pharynx, and the posterior third of the tongue. 
The superior laryngeal nerve block caused 
loss of tactile sensation over the posterior surface 
of the epiglottis, the mucosa of the larynx proper, 
and the upper trachea (Fig 3). Both blocks 
lasted for approximately 45 to 60 minutes. 

Failure of adequate glossopharyngeal block 
occurred in 10 of the 500 patients (2%). In all 10 
patients, we were unable to perform the exam- 
ination due to continued gagging on attempts to 
insert the endoscope despite what was consid- 
ered to be adequate glossopharyngeal nerve 
block. In 8 patients, anxiety secondary to in- 
sufficient sedation may have caused these fail- 
ures. In 2 patients, marked spasm or narrowing 
of the cricopharyngeal muscles. added to the 
difficulty of inserting the esophagoscope. Four 
of the 313 patients who had bronchoscopy 
(1.2%) experienced excessive discomfort on in- 
sertion of the bronchoscope, indicating in- 
adequate superior laryngeal nerve block. 

The only complications due to blocking the 
glossopharyngeal nerve were related to the po- 
tential for intravascular injection and the conse- 
quences of blocking the afferent nerve fibers 
from the carotid sinus. In 6 patients, blood was 
aspirated prior to injection of the local anes- 
thetic. In this situation, the needle was removed 
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Fig 3. Sagittal view showing the area of anesthesia 
obtained with a glossopharyngeal and superior 
laryngeal nerve block. 


and reinserted in an adjacent area. In all 6 in- 
stances, no local hemorrhage occurred. Four ad- 
ditional patients (0.8%) complained of headache 
during and following the glossopharyngeal 
nerve block. The headache was unilateral, 
confined to the supraorbital, temporal, and 
parietal areas of the skull, and persisted for ap- 
proximately two hours after the block. In 1 pa- 
tient the headache persisted for three days and 
required relief with pain medication. The 
headache is thought to have been due to an 
unrecognized partial intraarterial injection of 
local anesthetic, since it occurred simultane- 
ously with the injection. Two patients (0.04%) 
had a seizure during the endoscopic examina- 
tion; 1 episode was associated with hypoxia, 
and the second occurred in a patient who had a 
known seizure disorder. Although it is possible 
that the seizures were due to intraarterial injec- 
tion of lidocaine, the timing of the seizures in 
relation to administration of the block makes it 
unlikely. 

Five patients (1%) developed an arrhythmia 
following glossopharyngeal nerve block; 4 had 
supraventricular tachycardia and 1 had bigem- 


iny. Only 1 of the arrhythmias, a tachy- 
cardia, required temporary treatment with pro- 
pranolol. No infections occurred even though 
the injection was made through the contami- 
nated field of the oropharynx. A total of 11 
complications from glossopharyngeal block 
were observed, resulting in an overall complica- 
tion rate of 2%. There were no complications 
secondary to superior laryngeal nerve block. 

Eight patients (1.6%) had a complication re- 
lated to the endoscopy procedure itself, and not 
to the local nerve block anesthesia. A tooth was 
broken in 2 patients. One patient experienced 
an asthma attack during the procedure, which 
necessitated its termination. Five patients with 
markedly limited pulmonary function had a res- 
piratory arrest during the procedure; they were 
adequately resuscitated. 


Comments 


The importance of glossopharyngeal nerve block 
is that in addition to blocking tactile receptors in 
the mucosa, it abolishes the troublesome gag 
reflex arising from pressure-sensitive receptors 
in the posterior third of the tongue. The con- 
tribution of tactile receptors to the gag reflex has 
long been recognized by endoscopists, and 
these receptors are controlled easily with topi- 
cally administered anesthetics. Peripheral 
blocking of the glossopharyngeal nerve inter- 
rupts both the tactile and pressure stimuli of the 
gag reflex without affecting adjacent vagal motor 
nerve fibers, since the patients continue to swal- 
low on command. 

Clinically, we are impressed by the ease with 
which a laryngoscope can be used to view the 
larynx or insert an oral or nasotracheal tube in 
patients under a glossopharyngeal nerve block. 
Both rigid and flexible bronchial and esophageal 
scopes can be inserted with surprisingly little 
difficulty. This allows interchanging between 
flexible and rigid scopes during the same exam- 
ination, and is a distinct advantage when large 
biopsy specimens are desired and are within 
reach of a rigid scope. 

The use of both the glossopharyngeal and 
superior laryngeal nerve blocks has reduced our 
need for preoperative medication. All patients 
arrive at the endoscopy unit without medica- 
tion, and only a small intravenous injection of 
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meperidine and diazepam is given prior to per- 
forming the blocks to combat apprehension. 


The combined block is also useful when a` 


patient requires awake nasotracheal intubation 
for respiratory support or preanesthetic oro- 
tracheal intubation. In the former situation, in- 
ternasal anesthesia is obtained in addition to the 
blocks using 5% cocaine nasal packs. The effec- 
tive elimination of gagging while the nasotra- 
cheal tube is passed allows direct visualization 
of the larynx if necessary, and provides addi- 
tional safety against vomiting ‘and aspiration, 
known hazards of awake intubation. 

There was a 2.4% complication rate with the 
use of glossopharyngeal nerve block due to 
either simultaneous blocking of the carotid 
sinus nerve, which gave rise to arrhythmias, or 
to intraarterial injection, signified by the pres- 
ence of an immediate headache. It is unlikely 
that the arrhythmias were due to vagal blockade, 
since all the patients were able to phonate. In- 
traarterial injection is the most dangerous po- 
tential complication of performing a glos- 
sopharyngeal nerve block. Our experience 
shows that if care is taken to aspirate sufficiently 
prior to slow injection of the anesthetic agent, 
the possibility of intraarterial injection is rare. If 
the patient complains of headache, the injection 
should be aborted immediately. The pos- 
sibilities of introducing an infection by means of 
an injection through a necessarily contaminated 
field are real, but no such complication was en- 
countered. We believe that if care is taken to 
aspirate prior to the injection of a local anes- 
thetic, the benefits of the glossopharyngeal 
nerve block outweigh the risk to the patient. 

A superior laryngeal nerve block was per- 
formed in addition to the glossopharyngeal 
nerve block in those patients who had tracheal 
intubation for fiberoptic endoscopy or rigid 
bronchoscopy. It was used as a means of effec- 
tively anesthetizing the mucosa of the posterior 
surface of the epiglottis, the larynx proper, and 
the upper trachea. Of the two blocks used for 
bronchoscopy, the superior laryngeal is the 
most difficult due to the occasional problem ex- 
perienced in' placing the’ needle within the 
larynx: With practice, this:‘becomes easier and 
one gains an appreciation for how well this 
block complements the glossopharyngeal block 
in bronchescopy. 


We have elected to perform fiberoptic bron- 
choscopy through an indwelling endotracheal 
tube in patients with compromised pulmonary 
function or excessive secretions. This allows 
easy reinsertion of the scope when the lens 
needs cleaning and provides a route for assisted 
ventilation when necessary. The presence of an 
indwelling endotracheal tube was extremely 
helpful in the resuscitation of 5 patients who had 
a respiratory arrest during the procedure, and 
reflects the safety of its use, particularly in pa- 
tients who have marginal respiratory function. 
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Discussion 

DR. L. PENFIELD FABER (Chicago, IL): I compliment Dr. 
DeMeester on his presentation, but I cannot compli- | 
ment him on his method of anesthesia. Anesthesia for 
endoscopy can be accomplished by several methods, 
the most popular being topical application of the an- 
esthetic and methods of general anesthesia. Superior 
laryngeal nerve block has been known for many years, 
having been described in Pitkin’s text of conduction 
anesthesia in 1946. It has never been popular as a 
major form of anesthesia for peroral endoscopy. This 
is probably related to reluctance of physicians to 
utilize needle injections into the throat and mouth, 
which may render some patients apprehensive and, 
at the same time, be difficult to accomplish. 

We have used topical anesthesia for flexible and 
rigid tube endoscopy in several thousand cases at 
Presbyterian—St. Luke’s Medical Center in Chicago. 
We rarely resort to general anesthesia for endoscopy, | 
and the majority of our procedures are done with a 
flexible fiberoptic bronchoscope. The pharynx is 
sprayed with 2% Xylocaine; 5 to 7 ml of 4% Xylocaine 
is then instilled on and through the vocal chords, 
utilizing indirect mirror laryngoscopy. This method 
offers a panoramic view of the larynx and vocal 
chords. Small nodules or lesions on the vocal chords 
can be readily recognized and true vocal chord 
motility is assessed prior to instillation of the anes- 
thetic agent. 

Comparable examination by Dr. DeMeester’s tech- 
nique requires a Hopkins laryngoscope or careful as- 


_sessment withthe flexible bronchoscopé. I could well 


foresee that small or peripheral lesions might be 
missed. Complications ‘with topical Xylocaine are 
rare, and if the endoscopist utilizes a measured dose, 
reactions will be almost nonexistent., ` 

After observing Dr. DeMeester and the nerve block 
technique, Ihave utilized the method in 4 patients. In 
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2, hypopharyngeal swelling partially obscured the 
vocal chords and made insertion of the scope difficult; 
minor bleeding occurred in 1. The latter could be 
confusing in a patient with hemoptysis. Placement of 
the endotracheal tube does cause some bucking on 
the tube in both Dr. DeMeester’s hands and mine 
until additional topical agent is instilled. This method 
affords greater depth of anesthesia, anc the patient 
tolerates the rigid bronchoscope well. The technique 
is accomplished rapidly, which can be helpful when 
several patients are being examined. Any method of 
local anesthesia has the potential for systemic reac- 
tion, but needle injection into the highly vascular 
neck or accidental intravascular injection will increase 
morbidity. 

Fiberoptic esophagoscopy is easily done using Tes- 
salon pearls or viscous Xylocaine, and needle injec- 
tion is not necessary for this procedure. A5% morbid- 
ity, headache, and arrhythmia unassociated with 
hypoxia are not problems of topical anesthesia. Local 
nerve block is faster and provides greater depth of 
anesthesia. I would recommend that anvone who is 
unhappy with his present method of anesthesia at- 
tempt Dr. DeMeester’s method. It will have no advan- 
tages for those who are currently satisfied. After try- 
ing the procedure myself, I will continue to use topical 
anesthesia. 


DR. ROBERT GINSBERG (Toronto, Ont, Canada): I agree 
that the simple method of topical anesthesia is quite 


sufficient for bronchoscopy and esophagoscopy. A 
further simple technique other than spray is that of 
having the patient gargle with less than 10 ml of 4% 
Xylocaine. This produces total anesthesia of the 
pharynx, and on insertion of the fiberoptic scope, 
another 1 ml on the chords and upper trachea pro- 
duces anesthesia there. The possible complications of 
needles are avoided, and this method provides com- 
plete anesthesia in all cases. I would advocate topical 
anesthesia rather than injection of local anesthetic. 


DR. DEMEESTER: The point of the glossopharyngeal 
nerve block is that it obliterates the gag reflex, which 
is the most uncomfortable aspect of endoscopy. In 
actual fact, the gag reflex generates from two afferent 
stimuli, those of touch and pressure. A topical anes- 
thetic will get rid of the tactile sensation but not the 
pressure stimulus, which a glossopharyngeal nerve 
block does. 

We were pleased to have Dr. Faber observe two of 
these nerve block procedures prior to discussing this 
paper. Unbeknownst to him, 1 of the patients was a 
referral from Presbyterian—St. Luke’s Medical Center 
where he works. The patient came to us with the 
complaint that the endoscopy he had experienced was 
very unnerving, and he had morbid dread of going 
through the procedure again. Unfortunately, Dr. 
Faber left before we could do the second case, so I can 
understand why he had trouble with his first 4 
patients [laughter]. 


CASE REPORT 


Chronic Interstitial 


Pneumonitis with Fibrosis after 
Long-Term Therapy with Nitrofurantoin 


Simon J. Simonian, M.D., Edwin J. Kroeker, M.D., 


and David P. Boyd, M.D. 


ABSTRACT  Nitrofurantoin has been used widely as 
a urinary antiseptic. That it may cause pulmonary 
infiltration, and even fibrosis, has not been recog- 
nized universally. The literature contains 24 cases of 
interstitial pneumonitis with fibrosis. The results of 
treatment are summarized, and a new case is reported 
in detail. 


Since Sollaccio and associates [8] reported a case 
of interstitial pneumonitis with fibrosis after 
long-term treatment with nitrofurantoin 
(Furadantin) in 1966, 24 other cases have been 
described [1, 3, 5-7, 9, 10], but have not been 
published in surgical journals. 


A 62-year-old woman was admitted to the 
Lahey Clinic Service of the New England 
Deaconess Hospital for the fourteenth time on 
October 6, 1972. She had had diabetes mellitus 
since 1945, and she was receiving neutral pro- 
tamine Hagedorn (NPH) insulin, 15 units in the 
morning and 5 units at night. Vaginal hysterec- 
tomy and cystocele repair had been performed 
in 1966. For 3 years before admission the pa- 
tient had had recurrent urinary tract infec- 
tions requiring continuing medication with ni- 
trofurantcin, 50 mg orally, three to four times 
daily. Otherwise, she had been in good health 
until March, 1972, when she noted the onset of 
substernal pleuritic chest pain and a nonproduc- 
tive, hacking cough. Chest radiographs taken in 
March, 1972, revealed normal findings, but the 
symptoms persisted until admission. 


Physical examination revealed a well- 
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developed, thin woman in no acute distress. 
Examination of the fundi revealed occasional 
neovascular changes. The chest showed very 
narrow expansion, and scattered dry rales were 
heard. The heart, abdomen, and extremities 
were within normal limits. 


Laboratory Data 


Chest radiography revealed chronic bilateral in- 
terstitial alveolar infiltrates, which had shown 
very little change over a 3-month period (Fig 1). 
Tidal volume was 450 cc. Total ventilation was 
5.48 L/min at a respiratory rate of 12 per minute. 
Oxygen consumption was 255 cc per minute. 
Arterial blood gases taken at rest on room air 
revealed a pH of 7.42; Pecos, 39 mm Hg; Poz, 70 
mm Hg; and oxygen saturation, 96%. 

Upper gastrointestinal series revealed a hiatus 
hernia with no reflux. Thyroid scan was normal. 
Intravenous pyelography showed the kidneys to 
be normal with no evidence of calculi. The elec- 
trocardiogram was normal. Urine culture re- 
vealed a heavy growth of Escherichia coli. Serum 
protein electrophoresis showed an increase in 
gamma globulins. Serum lactic dehydrogenase 
(LDH) and serum glutamic oxaloacetic trans- 
aminase levels were mildly elevated. Hemo- 
globin was 11.9 gm/100 ml. Westergren 
sedimentation rate was 52 mm in 1 hour. The 
lupus erythematosus (LE) preparation was nega- 
tive. Values for T, and T, were normal. Serum 
iron binding capacity was 45 mg/100 ml, and the 
iron binding capacity was 280 mg/100 ml. 


Hospital Course 


The cause of interstitial pneumonitis was un- 
known. Open lung biopsy was performed on 
October 16. The postoperative course was un- 
complicated. The pathology report revealed a 
marked chronic interstitial pneumonitis consis- 
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Fig 1. Posteroanterior view of chest (October, 1972) 
showing bilateral interstitial and alveolar infiltrates; 
these were essentially unchanged over a 3-month 
period. 


tent with nitrofurantoin reaction (Fig 2). On 
cystoscopy, chronic cystitis and a diabetic, 
hypotonic bladder were seen. Nitrofurantoin 
therapy was discontinued, and prednisone 
therapy was begun; 30 mg was administered 
daily for 1 week and then reduced to 20 mg daily. 
Ampicillin, 500 mg four times daily, was given 
for 20 days for the urinary infection. At dis- 
charge on November 4, 1972, the urine culture 
showed no growth, and the sedimentation rate 
had decreased to 21 mm in 1 hour. 


Follow-up Course 


The patient was observed for 2 years postopera- 
tively, and the prednisone dose was gradually 
reduced. By January, 1973, no pulmonary symp- 
toms were present, and the prednisone dosage 
was reduced to 2.5 mg daily. Radiographs re- 
vealed marked regression of pulmonary infil- 
trates (Fig 3). Timed vital capacity was 2,400 ccin 
the first second. By December, 1974, chest 
radiography showed complete resolution of 
pulmonary infiltrates (Fig 4), and the patient 
remained free of pulmonary symptoms. Admin- 
istration of prednisone was terminated. 


KA 


TA 






Fig 2. (A) Marked chronic interstitial pneumonitis 
consistent with nitrofurantoin reaction. (H&E; 
x125.) (B) Higher magnification. (H&E; x300.) 


Comment 


The case reported by Sollaccio and associates 
was that of a 75-year-old woman who had been 
taking nitrofurantoin for 11 months before the 
onset of symptoms. The patient continued tak- 
ing nitrofurantoin for another month, after 
which it was terminated and prednisone treat- 
ment commenced. Symptoms included exertion 
at rest with orthopnea and unproductive cough 
without fever. Serum gamma globulin levels 
were elevated. Results of LE preparation, 
rheumatoid factor, and tuberculin test were all 
negative. Chest radiography revealed bilateral 
pulmonary infiltrates. Symptoms improved, 
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Fig 3. Chest radiograph (January, 1973) showing 
marked regression of infiltrates. 


and her chest radiographs showed normal find- 
ings after 21 months of observation. 

Tables 1, 2, and 3 summarize the symptoms, 
signs, laboratory data, and outcome of treatment 
of 24 patients reviewed in the English language 
literature since the first American case in 1966. 

That nitrofurantoin may be a cause of chronic 
pulmonary fibrosis is the most important factor 
in diagnosis. Confirmation of fibrosis may be 
obtained by lung biopsy. Differential diagnosis 
of the pulmonary infiltrate includes congestive 
heart failure, malignant tumor, infection, radia- 
tion reaction, occupational lung disease, colla- 
gen vascular disease, and other drug reactions. 

The average age of patients reviewed was 64 
years, with a range of 7 to 77 years. Of the pa- 
tients reviewed, there were 16 women and 8 
men. The average duration of treatment with 
nitrofurantoin was 22 months, with a range of 6 
months to 7 years. The average duration of 
treatment before symptoms appeared was 29.8 
months; after symptoms appeared, it was 12.5 
months. The average dose of nitrofurantoin was 
115 mg daily, with a range of 25 mg to 200 mg 
daily. Indications for nitrofurantoin therapy 
were urinary tract infections in 16 patients 
(67%), joint symptoms in 3 (13%), and other 
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Fig 4. Chest radiograph (December, 1974). Complete 
resolution of infiltrates. 


Table 1. Clinical Manifestations in Patients with 
Chronic Interstitial Pneumonitis 





Clinical Manifestations 
and No. of 


Patients Studied Results 





Age (yr), 24 Average, 64; range, 
7 to 77 
Male-to-female ratio, 24 6:18 (1:3) 


Before symptoms: 
average, 29.8 
mo; range, 6 
mo to 7 yr 

After symptoms: 
average, 12.5 
mo; range, 7 
wk to 6 yr 


Duration of treat- 
ment with nitro- 
furantoin, 22 


Dose of nitro- 
furantoin, 15 


Average, 115 mg 
daily; range, 25 
to 200 mg daily 

Urinary infections, 
16; joint diseases, 
3; other diseases, 
32 


24 (100%) 


Indications for 
nitrofurantoin, 24 


Dyspnea on exertion, 24 


Cough, 24 Nonproductive, 23 
(96%); productive, 
1 (4%) 

Fever, 24 Present, 16 (67%); 


absent, 8 (33%) 
Pulmonary rales, 9 9 (100%) 


ae e 


287 Case Report: Simonian, Kroeker, and Boyd: Interstitial Pneumonitis after Nitrofurantoin Therapy 


Table 2. Laboratory Data in Patients with 
Chronic Interstitial Pneumonitis 


Laboratory Data and No. 


of Patients Studied 
Serum creatinine, 24 


Sedimentation rate, 17 
Serum lactic dehydro- 


Results 


Normal, 23 (96%); 
elevated, 1 (4%) 
Elevated, 17 (100%) 

Elevated, 5 (63%); 


normal, 3 (37%) 
Elevated, 8 (100%) 
Negative, 7 (100%) 


genase, 8 
Serum gamma globulin, 8 
Lupus erythematosus 
preparation, 7 
Antinuclear factor, 6 
Tuberculin test, 8 
Chest radiography, 24 


Pulmonary function 
tests, 18 


Negative, 6 (100%) 

Negative, 8 (100%) 

Abnormal, 24 (100%) 

Restrictive disease, 
16 (89%); normal, 
2 (11%) 


Lung biopsy, 12 Abnormal, 12 (100%) 





Table 3. Treatment and Outcome in Patients with 
Chronic Interstitial Pneumonitis 


Treatment, Outcome, 

and No. of 

Patients Studied Results 

Nitrofurantoin 24 (100%) 
discontinued, 24 

Steroid given, 22 

Follow-up obser- 
vation, 24 


15 (68%) 

Average, 10.6 mo; 
range, 1.5 to 36 
mo 


Course 
Subjective, 24 Improved, 21 (88%); 
unimproved, 1 
(4%); death, 

2 (8%) 

Regressed, 17 (74%); 
unchanged, 5 
(22%); progressed, 
1 (4%) 


Radiographic, 23 





diseases in 5 (20%). Exertional dyspnea and 
nonproductive cough (96%) were present in all 
patients. Surprisingly, fever was present in 16 
patients. 

Physical examination was described in 9 pa- 
tients, and rales were heard in the lungs of all 
patients. The serum creatinine level was normal 
in 23 patients (96%), indicating no renal evi- 
dence of overdosage. The sedimentation rate 


and serum gamma globulin levels were elevated 
in all patients tested. Results of LE preparation, 
antinuclear factor, and tuberculin tests were 
negative in all patients. The LDH level was ele- 
vated in 15 patients (63%). All patients had 
chronic nonspecific pulmonary infiltrates, 
which were usually bilateral and most pro- 
nounced in the lower lobes. Only 3 patients 
(13%) had pleural effusion. On pulmonary func- 
tion testing, 21 patients (89%) were found to 
have restrictive lung disease. Lung biopsy con- 
firmed the diagnosis in each of the 12 patients 
tested and showed nonspecific interstitial 
pneumonitis and interstitial fibrosis with 
localized thickening and epithelization of alveo- 
lar walls. The lung tissue of 1 patient was tested 
for the presence of antigen-antibody complexes 
by immunofluorescence, but none were found 
[3]. A lung biopsy specimen from the same pa- 
tient was examined by electron microscopy, 
which essentially confirmed the light micros- 
copy findings. Excessive collagen was found 
near the basement membrane and septa. The 
membranous pneumocytes were swollen, with 
dilated cisternae of the endoplasmic reticulum. 
The cytoplasmic processes of the pneumocytes 
extended into the alveolar spaces, which also 
contained proteinaceous debris. Occasional 
plasma cells and eosinophil cells were recorded. 
After the diagnosis was made, nitrofurantoin 
was discontinued in all patients. Steroid therapy 
was prescribed for 16 patients. The follow-up 
observation period ranged from 1.5 to 36 months 
(average, 10.6 months). Subjective improve- 
ment was noted by 21 patients, 1 patient did not 
feel improved, and 2 patients died. Radiologi- 
cally there was regression in 18 patients, no 
change in 5, and progression of disease in 1. 
The first death reported [7] was that of a 70- 
year-old man who had been taking nitrofuran- 
toin, 100 mg daily, for 4 years. Symptoms and 
radiological infiltrates appeared 3 years after the 
beginning of therapy. At the end of his fourth 
year of treatment, nitrofurantoin was discon- 
tinued, and he was given prednisone. Within a 
few weeks, pulmonary symptoms and results of 
chest radiography and pulmonary function tests 
were noticeably improved. The patient died un- 
expectedly 21/2 months after nitrofurantoin had 
been discontinued. Postmortem examination 
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revealed pulmonary fibrosis, mild bronchiec- 
tasis and bronchopneumonia of both lower 
lobes, cor pulmonale, and atherosclerosis of 
coronary arteries. 

The second death described [9] was of a 62- 
year-old woman whose symptoms and findings 
on chest radiography and lung biopsy were 
diagnostic of chronic pulmonary pneumonitis 
occurring 6 years after the onset of treatment 
with nitrofurantoin. Lung biopsy revealed fine 
bronchiectasis, chronic bronchitis, chronic 
pneumonitis, and slight interstitial fibrosis. 
Steroids were started while the patient con- 
tinued to take nitrofurantoin for another 4 years. 
The patient was observed for 3 years after ni- 
trofurantoin was discontinued. Death occurred 7 
years after the onset of symptoms. Just before 
her death the chest radiograph showed pro- 
nounced streaking throughout the pulmonary 
parenchyma; pulmonary function tests revealed 
progressive restrictive disease. Postmortem ex- 
amination was not performed. 

These 2 patients appear to have died as a result 
of pulmonary complications due to long-term 
treatment with nitrofurantoin. In each patient 
the duration of treatment with nitrofurantoin 
was longer than the average treatment duration 
of 22 months for the entire group of patients. The 
first patient had pulmonary symptoms for 1 year 
and the second for 4 years before nitrofurantoin 
was terminated. 

The probable cause of chronic interstitial 
pneumonitis with fibrosis is a hypersensitivity 
reaction of the interstitial tissue of the lung to 
nitrofurantoin. Therapy with prednisone is 
probably indicated to prevent irreversible fi- 
brosis. The exact nature of the apparent hyper- 
sensitivity reaction has not been established. 

Acute pulmonary reactions during treatment 
with nitrofurantoin are now well known and are 
being reported with greater frequency (2, 4]. 
Symptoms begin after 2 hours to 3 weeks of 


treatment and consist of fever of acute onset, 
chills, cough, dyspnea, leukocytosis, and 
eosinophilia. Radiographic abnormalities, con- 
sisting of pulmonary infiltrates with or without 
pleural effusion, are shown in four-fifths of the 
patients. These symptoms subside within a day 
or more after cessation of treatment with ni- 
trofurantoin. In contrast, the chronic form ap- 
pears 6 months or more after treatment with 
nitrofurantoin. 
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HOW TO DO IT 


Subxiphoid Anterior Mediastinal Exploration 


Kit V. Arom, M.D., Jerry L. Franz, M.D., Frederick L. Grover, M.D., 


and J. Kent Trinkle, M.D. 


ABSTRACT A new surgical technique for anterior 
mediastinal exploration is described. The technique 
involves application of a Carlens mediastinoscope by 
means of a subxiphoid incision. The procedure pro- 
vides complete exploration of the anterior mediasti- 
nal compartment and allows the surgeon to obtain a 
positive biopsy of the tumor or its lymph node metas- 
tases without sternotomy. 


Subxiphoid mediastinal exploration is per- 
formed with the patient in the supine position 
under either local or light general anesthesia. A 
vertical 8 to 10 cm incision is made in the mid- 
line over the xiphoid process. The tip of the 
xiphoid is grasped with a clamp and elevated so 
that the sternal attachment of the diaphragm is 
detached and retracted inferiorly; the xiphoid 
may be removed to facilitate the exposure. The 
technique is similar to the subxiphoid approach 
for pericardial window. The anterior compart- 
ment is entered with the index finger, and areo- 
lar tissue of the mediastinum is easily dissected 
free from the pericardium. The Carlens medias- 
tinoscope is inserted into the retrosternal tract 
left by the finger. The dissection is extended 
cephalad, under direct vision, witha closed-end 
suction or a blunt dissecting forceps. Care must 
be taken to avoid applying pressure on the 
pericardium, which can stimulate arrhythmias. 
The thymus gland and extrapericardial 
brachiocephalic vessels can be visualized, and 
the tip of the mediastinoscope can be passed as 
high as the retromanubrial area (Figure). Le- 
sions in the anterior compartment requiring a 
tissue diagnosis are aspirated with a 20-gauge 
spinal needle prior to biopsy. The incision can 
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be extended into a median sternotomy if indi- 
cated. 


Comment 

The anterior compartment of the mediastinum 
extends from the thoracic inlet to the diaphragm 
and is bounded anteriorly by the undersurface 
of the sternum and posteriorly by an imaginary 
line formed by the anterior surface of the great 
vessels and the pericardium. 

Malignant tumors in this region arise mainly 
from the thymus gland and lymphatic tissue. 
The definitive treatment of benign tumors is 
surgical, and they can be approached by means 
of a median sternotomy incision. However, 
malignant anterior mediastinal tumors will fre- 
quently require combined excision and either 
chemotherapy or irradiation. Preliminary tissue 
diagnosis is essential for this approach. 

Neoplastic involvement of mediastinal lymph 
nodes occurs frequently. If secondary involve- 
ment by metastatic tumor is included, it repre- 
sents the most common mediastinal mass. 
However, the actual incidence of primary lym- 
phomas of the mediastinum is difficult to de- 
termine. Most often, the lymph nodes of the 
anterior compartment are involved, but either 
extension to or primary origin from lymph 
nodes in the visceral compartment is not un- 
common. Occasionally, there is primary. in- 
volvement of posterior intercostal lymph nodes 
in the paravertebral sulci. 

The technique of transcervical mediastinal 
exploration was developed and reported by Car- 
lens in 1959[1]. This procedure gives access to 
the middle mediastinum along the pretracheal 
and paratracheal area down to the tracheal bifur- 
cation and mainstem bronchi. The exploration is 
behind the imaginary line formed by the great 
vessels and excludes anterior mediastinal explo- 
ration. 

In 1965 Chamberlain [2, 3] described the 
technique of anterior mediastinotomy. The 
procedure provided biopsy material from the 
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Anteroposterior projection of intraoperative 
chest roentgenogram of a 57-year-old man who 
underwent subxiphoid mediastinal biopsy for an 
anterior mediastinal mass. The Carlens 
mediastinoscope has been passed through the 
subxiphoid incision and positioned in the anterior 
mediastinal compartment. 


subaortic window and hilar regions, which 
are not accessible by anterior cervical mediasti- 
noscopy. One specific area of the anterior medi- 
astinal compartment can be reached by this 
approach, but the subxiphoid technique gives 
access to the entire compartment. 

The mediastinoscope and instruments used in 
the subxiphoid approach are the same as those 
used for cervical mediastinal exploration. The 
subxiphoid approach provides complete explo- 
ration of the anterior mediastinal compartment. 
This procedure provides another method with 
which the surgeon can obtain a positive biopsy 
of the tumor or its lymph node metastases with- 
out sternotomy. 


References 

1. Carlens E: A method for inspection and tissue 
biopsy in the superior mediastinum. Dis Chest 
36:343, 1959 

Chamberlain JM: Discussion of Pearson FG, 
Mediastinoscopy, a method of biopsy in the 
superior mediastinum. ] Thorac Cardiovasc Surg 
49:20, 1965 

3. McNeill TM, Chamberlain JM: Diagnostic anterior 

mediastinotomy. Ann Thorac Surg 2:532, 1966. 


N 


Septum Primum Defect Repair 


Richard E. Ward, M.D., Robert M. Anderson, M.D., Stanley J. Goldberg, M.D., 
Hugh D. Allen, M.D., and David Sahn, M.D. 


ABSTRACT Two technical maneuvers in septum 
primum defect repair have resulted in improved mi- 
tral valve function and security against heart block. 
One maneuver, critical to restoring mitral compe- 
tence, is accurate reconstruction of the leading edge 
of the mitral valve. A second maneuver, suturing the 
septal defect patch at its inferior aspect to the mitral 
valve near the annulus instead of to the inferior septal 
defect margin or to the tricuspid annulus, eliminates 
the hazard of atrioventricular node or bundle injury. 


Current methods of septum primum defect re- 
pair, although associated with a low incidence 
of complications, leave room for improvement 
in mitral valve repair and prevention of heart 
block. In the past, cleft mitral valves repaired by 
placing sutures starting from the aspect of the 
cleft nearest the annulus and progressing to- 
ward the free edge failed to correct the mitral 
insufficiency, and occasionally increased it [1, 3, 
4]. Such a repair always leaves a “jog” at the 
leading edge, as the length of the two sides of the 
cleft is never the same. Also, the technique of 
sewing the atrial septal defect patch to the in- 
ferior margin of the septum has resulted in a 
high incidence of complete heart block. One cur- 
rent method of suturing the inferior aspect of the 
atrial septal defect patch to the tricuspid annulus 
has decreased the incidence of heart block. 
However, as the suture line crosses the septum 
in two places, the complication has not been 
totally eliminated [1, 3, 4]. To avoid heart block, 
Hallman and Cooley [2] advocate placing su- 
tures “along the inferior rim of the defect taking 
horizontal bites with the needle parallel to the 
superior rim of the ventricular septum . . . The 
sutures should be placed superficially in the 
thickened annular tissue at the base of the me- 
dial leaflet of the mitral valve.” 
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Experience with an alternative technique over 
the past 12 years is the basis of this report. No 
instance of heart block has occurred with the 
new method, which has resulted in improved 
mitral valve function in each patient. The last 6 
patients, besides undergoing electrocardio- 
graphic and clinical evaluation, have had 
echocardiography with findings of decreased 
left atrial size to confirm the impression of mitral 
valve competence. Four of the last 6 patients 
have complete absence of systolic murmur. The 
other 2 have grade 1/4 systolic murmurs. 


Technique 
Mitral Valve Cleft Repair 


The two sides of the mitral valve cleft are always 
unequal in length (Fig 1B). To make a smooth 
leading valve edge that will accurately meet the 
opposing mural leaflet, the first suture is placed 
at the exact junction of the cord to the valve on 
the two sides of the cleft (see Fig 1A, B). The 
remainder of the sutures in the cleft are placed 
while exerting traction on the initial suture, 
thereby aligning the two sides of the anterior 
leaflet, as seen in Figure 1C. Failure to place the 
initial stitch at the precise landmark shown in 
Figure 1B results in an uneven leading valve 
edge, with resulting insufficiency, as shown in 
Figure 1D. Alignment of the leading edge with- 
out a jog places the irregularity resulting from 
joining two unequal cleft edges away from the 
coapting aspect of the cusp, thus assuring suf- 
ficiency. 


Atrial Septal Defect Repair 

The second technical maneuver prevents the 
possibility of heart block during insertion of a 
patch in the atrial septal defect. The patch is 
sutured to the mitral valve instead of to the in- 
ferior aspect of the septal defect. A row of hori- 
zontal mattress sutures is placed in the anterior 
mitral valve leaflet near, but not into, the an- 
nulus (Fig 2A). Two transition sutures (T in Fig 
2A) join the mitral valve suture line with the 
atrial septum away from the critical conduction 


292 The Annals of Thoracic Surgery Vol 24 No 3 September 1977 



















a INU 
DILSA 


NE j 










Fig 1 (A, B) Placement of the initial suture in repair of 
the mitral valve cleft. (C) Satisfactory mitral cleft 
repair resulting from accurate approximation ofthe 
leading edge. (D) Unsatisfactory mitral cleft repair, 
showing triangle of insufficiency resulting from 
failure to reconstruct the leading edge as the first step 
in repair. 
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Fig 2 (A) Suturesin mitralvalve for attachment of the 
inferior aspect of the atrial septal defect patch. (B) 
Patch of pericardium anchored inferiorly to the mi- 
tral valve. (T = transition suture; see text.) 
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area. The row of mitral sutures is then used to 
anchor the inferior aspect of the free pericardial 
patch (Fig 2B). The patch is trimmed to the de- 
sired size. Continuous suture is then used to 
complete the atrial septal patch insertion on the 
anterior, superior, and posterior aspects. This 
method of insertion of the atrial septal patch, by 
having no suture line across the atrial septum in 
the region of the conduction system, completely 
eliminates the possibility of heart block. 

Although septum primum defects are well re- 
paired by other methods, the described tech- 
nique offers added security against two serious 
potential hazards. 
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Please address replies to G. Frank O. Tyers, M.D., Division 
of Cardiothoracic Surgery, The University of Texas Medical 
Branch, Galveston, TX 77550. 





Cardiac and cardiovascular surgeon to establish new prac- 
tice in cardiac surgery in large community hospital with 
university affiliation. Applicants should be well-qualified 
and show evidence of experience in all facets of cardiac 
surgery. 


Send curriculum vitae to William F. Morrissey, M.D., The 
Fairfax Hospital, 3300 Gallows Road, Falls Church, 
VA 22046. 





Well-trained cardiovascular surgeon, recently completing 
training program, wanted to join group in central Florida 
city. Available immediately. 


Please respond to A-26, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Excellent opportunity for thoracic-cardiovascular surgeon 
completing residency. No open-heart surgery, busy group 
practice, Long Island, New York area. Board eligibility re- 
quired. 


Please respond to A-27, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, Board certified or 
Board eligible, wanted to join a partnership of thoracic and 
general surgeons in a suburban Philadelphia university- 
affiliated community hospital. 


Please respond to A-28, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


i 


Board-certified or Board-eligible thoracic surgeon wanted 
to join two others in multi-hospital practice in Southeast. 
Practice currently limited to thoracic and cardiovascular 
surgery with large volume of pulmonary and peripheral vas- 
cular surgery. 


Please respond to A-31, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, who has completed 
training requirements for ABTS exam, wanted to join two- 
man group in small southern city. Practice limited to thoracic 
and cardiovascular surgery. Affiliated with university resi- 
dency program. Plans underway for cardiac surgery facil- 
ities. 


Please send curriculum vitae to A-32, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, MI 48109. 


Board-eligible or certified cardiovascular/thoracic surgeon 
wanted for southern California group. Limited to adult car- 
diac, general thoracic, and major arterial vascular surgery. 
Unlimited potential for the right individual. 


Send curriculum vitae and references to A-33, The Annals of 
Thoracic Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 


Thoracic and cardiovascular surgeon wanted for private 
group practice. Experienced. 90% cardiac, teaching respon- 
sibility. 


Please respond to A-34, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic surgeon wanted. Full-time academic appointment 
for certified thoracic surgeon, primarily interested in pul- 
monary and esophageal problems. Rank and salary depen- 
dent upon qualifications and experience. 


Send curriculum vitae to Edward J. Hurley, M.D. Section of 
Thoracic Surgery, University of California School of 
Medicine, Davis-Sacramento Medical Center, 4301 X St, Sac- 
ramento CA 95817. 





Opening for Board certified or Board eligible thoracic and 
cardiovascular surgeon in Midwest. With thoracic and car- 
diovascular surgeon in solo private practice. Available im- 
mediately, association leading to partnership. 


Please send curriculum vitae to A-36, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon wanted to affiliate with 
large midwestern multispecialty group. Full spectrum of 
cardiac, thoracic, and vascular surgery being done. Must 
have completed training requirements for ABTS certifica- 
tion. 


Please send curriculum vitae to A-37, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 





Opening available in pediatric cardiovascular surgery and 
research in new children’s hospital. Prefer ABTS certification 
but will consider eligible applicants. University appoint- 
ment available and required. 


Please respond to A-38, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Board certified or Board eligible thoracic surgeon wanted to 
join two-man group in west coast state. Practice primarily 
adult cardiac, one-quarter vascular and thoracic. 


Please respond to A-39, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 
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“One of the best books on its topic.” 


—Robert E. Hodges, M.D., 
F.A.C.P., University of California, 
Davis, School of Medicine 


Total 
Parenteral 
Nutrition 


Edited by Josef E. Fischer, 
M.D., Harvard Medical 
School, Boston 


=== — =- order today 


TO: 

LITTLE, BROWN AND COMPANY 
MEDICAL DIVISION 

200 WEST STREET 

WALTHAM, MA 02154 





“This ‘how-to-do-it’ book covers the broad field of total 
parenteral nutrition in a remarkably complete and read- 
able manner. . . . In the first seven chapters the authors 
... detail the composition of current available solu- 
tions, the pharmacy protocol necessary to ensure steril- 
ity, the complications of total-parenteral-nutrition ther- 
apy, the nursing care, with detailed instructions on 
inserting and maintaining indwelling subclavian venous 
catheters, and even the organization of a hyperalimen- 
tation unit. The first few chapters make the book a valu- 
able single reference source for physicians, nurses, and 
pharmacists. ... The wealth of detail in these chapters 
may encourage wider adoption of this important moda- 
lity of treatment. . . . [In the second part of the book] 
specific clinical applications to patients with renal and 
hepatic failure, inflammatory bowel disease, intestinal 
fistulas and burns are covered very completely. There 
are also excellent chapters on the special problems that 
the pediatric patient and the ambulatory patient pre- 
sent. The last chapters, concerned with the newer tech- 
nics, include the use of intravenous fat emulsions. . . . 
This is an excellent compendium of the state of the art 
in total parenteral nutrition, with a brief glimpse into the 
future. House officers and practicing physicians will 
find that this book serves as a textbook, handbook of 
nutrition and good bibliographic reference all rolled into 
one rather palpable, intellectual treat.” —The New Eng- 
land Journal of Medicine 


480 pages, illustrated. #283703, $25.00 


Please send me 
(#283703-90B1) @ $25.00. 


O Bill me. 
O Check enclosed. 





copies of Fischer's TOTAL PARENTERAL NUTRITION 





NAME (Please print.) 
In U.S., publisher pays postage and 
handling charge if check accompanies 





order. In Canada, order directly from STREET 
J. B. Lippincott of Canada, Ltd.. 
75 Horner Avenue, Toronto, Ontario, 





M8Z 4X7 Canada. CITY STATE/ZIP 
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. DON'T PANIC. 


Call Olympus 
Service. 


It’s important to consider service when you make 
your choice of fiberscopes. There’s an Olympus service 
lab near you in New York, Chicago, Los Angeles, Houston 
and Jacksonville. Write for information or a demonstration 
of an Olympus fiberscope for your specialty. 
Olympus Corporation of America, Medical Instrument 
Division, 2 Nevada Drive, New Hyde Park, New York 11040. 


f OLYMPUS r 





Your Heart Association 


can help 
you 


help your 
patients 


Contributed by the Publisher 


Your patients and their families might have questions about the 
heart and blood vessel diseases. Your Heart Association has 
prepared a variety of pamphlets to assist you in answering their 
questions in simple non-technical language. 


Produced under the guidance of leading cardiovascular spe- 
cialists, these pamphlets deal with such subjects as heart attack, 
stroke, hypertension, rheumatic fever, congestive failure, inborn 
heart defects, varicose veins and other disorders. There are also 
pamphlets advising on risk factors related to heart attack. 


Booklets on therapeutic sodium-restricted or cholesterol-lower- 
ing diets are also available on a physician’s prescription only. 


Ask your local Heart Association for a catalogue listing all these 
free materials and order a supply. 


American Heart 
Association 


44 EAST 23rd ST., NEW YORK, N.Y. 10010 





Coratomic L500 
the different lithium pacer 


Inside and out, Coratomic offers 
some important differences 
you can't find in an ordinary pacer 


different shape: 
Biocompatible, ovaloid shape 
and light 69-gram weight 
minimize pocket complica- 
tions and virtually eliminate 
“pacer bulge”. 


different battery: i } 

Mallory lithium battery X-ray of pacer 
offers solid-state, redundant \ enlarged to show detd 
and hermetic construction j 

for patient safety. It has 

been used in over 4,000 

implants without failure. 


different welding: different circuitry: ‘different philosophy: 
Laser welding, a Coratomic Its simple. Coratomic uses Coratomic operates by a 
first in pacemaking since fewer electronic components, different philosophy— 
1973, together with 100% assembles and tests each one which focuses on concer 
helium mass spectrometer Circuit in-house, to achieve for your patient's safety and 
leak testing, assures absolute consistent high reliability. comfort rather than on ease 
hermeticity. Low current drain providesan of high-volume production. 
expected 10-year life at 100% 
pacing. 


Our engineering is detailed in illustrated bro- 

chures. Our reliability is documented in an í ra 
extensive, 60-page report. To receive 

copies, write: Mr. Stephen Cookston, / Orotomic 
Coratomic Inc., P.O. Box 434, Indiana, pi 
PA 15701 or call toll-free (800) 245-6886. Electronics getting to the Heart of Medicine 





Shiley, an integral member 
of the open heart teal 


he universal standard 
or valvular replacement. 


he Bjork-Shiley cardiac valve prosthesis, now in 
s 9th year, is supported by a wealth of clinical 
idence that verifies the quality of its 
erformance. For an update on the experience 
ith over 125,000 mitral and aortic valves, 
lease contact your Shiley technical If 
bpresentative or call: 


px Shiley Laboratories, Inc. 
k j (S 17600 Gillette Avenue 
Irvine, California 92714 


(714) 979-0500 





‘For excellence in 
cardiopulmonary perfusion. 


Shiley oxygenators are designed to accomplish physi- 
ologic gas transfer while maintaining an absolute 
minimum of blood and gas contact. Gas to blood flow 
ratios as low as 0.3:1 and consistently lower than 1:1 are 
obtained by employing a Tegraglas* Sparger and an open 
cell sponge in the gas transfer column, creating a range 
of bubble sizes for highly efficient gas transfer (A). 


The Shiley venous side heat exchanger minimizes 
release of gas emboli into the blood during rewarming 
procedures by accomplishing heat transfer prior to com- 
plete oxygen saturation. Shiley’s heat exchanger is the 
only integral unit available which employs a one piece 
aluminum coil with no water to blood seals. The coil is 
pressure tested to 120 PSI—a maximum water inlet 
pressure of 60 PSI is recommended (B). Other features 
of the Shiley S-100 design are the low priming volumes 
required, easy set up, and compact size. 


*3M Company 


Shiley S-100 
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in scrubbing and 
prepping 


For surgeons, nurses and patients 
the prompt, broad-spectrum action 
of BETADINE Microbicides 
provides topical antiseptic security. 


BETADINE Surgical Scrub, for 
scrubbing by the surgical team and 
for optimal skin degerming in 
prepping the patient... promptly 
achieves full microbicidal effect with 
each usage... (inthe rare instance 
of local irritation or sensitivity, 
discontinue use in the individual). 


BETADINE Solution or BETADINE 
Aerosol Spray, to enhance antisepsis 

in prepping after initial use of 
BETADINE Surgical Scrub. BETADINE 
Solution and BETADINE Aerosol Spray 
are film-forming...active in the presence 
of blood, pus and serum...help 
maintain postoperative antisepsis when 
applied to incisions. 


Purdue Frederick 


©COPYRIGHT 1975, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN. 06656 A7982 165175 


BETADINE 
Microbicides 


Foremost documented sA 


Microbidides: 
broad-spectrum er 
topical microbicides 


NTISEPTIC 
ECURITY 
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HOR ACIC SURGER 
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Fourteenth Annual Meeting of 
The Society of Thoracic Surgeons 
January 23-25, 1978 

Sheraton Twin Towers Hotel 
Orlando, FL 





RELIEVES 


BRONCHOSPASM 
WITH MINIMAL 
CARDIAC STIMULATION 


Too frequent use may cause tachycardia or palpitations as 


with other sympathomimetic amines. 
“This drug has been evaluated as “probably” effective for this indication. 











Isoetharine, the bronchodilator used in Bronkosol,* 
acts preferentially on the Betag adrenergic receptors 
which dilate and relax the bronchioles. It shows a 
lower order of affinity for the Beta, receptors which 
stimulate the heart. From Bronkosol, your patients 

á get the potent sympathomimetic bronchodilating 
effect with a lower order of cardiac stimulation. Too 
frequent use may cause tachycardia or palpitations 
as with other sympathomimetic amines. 


Relative effects of commonly prescribed inhalant 
solutions on Adrenergic Receptors** 
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Alpha Beta> Dilates 
Drug and Produces Beta; and Relaxes 
Receptor Vasopressor Stimulates Bronchi and 
Selection Effects Heart Arterioles 
Epinephrine Ett ++++ +p 
R-epinephrine + + ee et 
Isoproterenol tkt kitte 
Isoetharine T ec ai 








“*Ziment. l.: Resp. Therap. 4:51, May-June 1974 


For use in Hand Nebulizer, IPPB, O2 nebulization in 


asthma, chronic bronchitis, emphysema* 
(See Indications section) 


Method of Usual 
Administration 


Usual Dose Range 


4 3-7 


Dilution 





























Hand Nebulizer inhalations inhalations Undiluted 
Oxygen ; 1:3 with 
Aerosolizationt % ml ⁄-y⁄2 ml saline or 









other diluent 


1:3 with 
saline or 
other diluent 













% ml %-1 ml 









‘+tAdministered with oxygen flow adjusted to 4 to 6 liters/minute over a period of 
15 to 20 minutes. May be administered simultaneously with other therapeutic 
agents such as antibiotics or wetting agents. 


ttUsually an inspiratory flow rate of 15 liters/minute at a cycling pressure of 15 
cm H20 is recommended. It may be necessary, according to patient and type of 
IPPB apparatus, to adjust flow rate to 6 to 30 liters per minute, cycling pressure to 
10-15 cm H20, and further dilution according to needs of patient. 


r 


Bronkosol’ 


Dilabron™ (brand of isoetharine) HCI 1.0%; phenylephrine HCI 0.25%; in an aqueous- 
glycerin solution containing saccharin sodium with sodium chloride, sodium citrate, 
sodium bisulfite 0.3%, methylparaben 0.025%, and propylparaben 0.014% as 
preservatives 


As originally marketed, Bronkosol contained thenyldiamine hydrochloride 
0.10%. The present formulation has been revised to delete that ingredient. 











* INDICATIONS: Based on a review of Bronkosol by the National 
Academy of Sciences-National Research Council and/or other infor- 
mation, FDA has classified the indications as follows: 

“Probably” effective for the acute relief of bronchial asthma and 
other conditions in which bronchospasm is a complicating factor, such 
as chronic bronchitis or emphysema. Final classification of less-than- 
effective indications requires further investigation. 





CONTRAINDICATION: Hypersensitivity to any ingredient. 


WARNINGS: Excessive use of an adrenergic aerosol should be discouragec 
as it may lose effectiveness. Occasional patients have been reported to 
develop severe paradoxical airway resistance with repeated excessive use o 
an aerosol adrenergic inhalation preparation. In such instances the use of 
the aerosol adrenergic should be discontinued immediately and alternative 
therapy instituted. Cardiac arrest has been noted in several instances. 
Should not be administered along with epinephrine or other sympa- 
thomimetic amines, since these drugs are direct cardiac stimulants and 
may ae excessive tachycardia. They may, however, be alternated if 
esired, 


USE IN PREGNANCY: Although there has been no evidence of terato- 
genic effects with these drugs, use of any drug in pregnancy, lactation, or in 
women of childbearing potential requires that the potential benefit of the 
drug be weighed against its possible hazard to the mother or child. 


PRECAUTIONS: Dosage must be carefully adjusted in patients with 
hyperthyroidism, hypertension, acute coronary disease, cardiac asthma, 
limited cardiac reserve, and in individuals sensitive to sympathomimetic 
amines, since overdosage may result in tachycardia, palpitation, nausea, 
headache, or epinephrine-like side effects. 


ADVERSE EFFECTS: Although Bronkosol is relatively free of toxic side 
effects, too frequent use may cause tachycardia, palpitation, nausea, head- 
ache, changes in blood pressure, anxiety, tension, restlessness, insomnia, 
tremor, weakness, dizziness and excitement as is the case with other 
sympathomimetic amines. 


DOSAGE AND ADMINISTRATION: Oral inhalation. Can be administered 
by hand nebulizer, oxygen aerosolization, or intermittent Positive pressure 
breathing (IPPB). Usually treatment need not be repeated more often than 
every four hours, although in severe cases more frequent administration 
may be necessary. 

HOW SUPPLIED: Bronkosol” for inhalation—bottles of 10 ml. 

(Code No. 1711)—bottles of 30 ml. (Code No. 1712). 


HBREON, BREON LABORATORIES INC. 
90 Park Avenue, New York, N.Y 10016 


isoetharine HCI 1.0%; phenylephrine HCI 0.25% 







New 30-ml 


Bronkosol 
New size brings added 
convenience and savings 

to long-term therapy 





The Betag 
Inhalant 
| Solution 
| with a lower order of 
Beta activity in 
‘emphysema, 
' chronic bronchitis, 
asthma“ 


DAVIS+GECK 


Long-term holding power... 





TI-CRON‘ silicone-treated polyester suture. 


TI-CRON gives you optimal passage through tissue. 


security in cardiovascular TI-CRON also handles easily. 
surgery...including prosthesis It does not stretch, and knots 
implantation. It offers you slide easily into place without 
exceptional strength and chatter. 

holding power, plus flexibility TIl-CRON. The proven 

and softness. It is treated with suture with long-term holding 
physiologically inert medical- power for long-term security in 
grade silicone for smooth cardiovascular surgery. 


*Trademark 


DAVIS+GECK 
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The benefits of pulsatile blood flow 
and counterpulsation are well 
documented. The Tamari-Kaplitt™ 
Pulsator (TKP)™ enables the clini- 
cian to create pulsatile flow and/or 
counterpulsation in conjunction 


with cardiopulmonary bypass (CPB). 


The TKP is an integral part of the 
blood pathway during and following 


Fel 
Middle Avenue at 


e 


STEX 


CPB, avoiding the last minute sur- 
gical intervention associated with 
conventional intraaortic balloon 
pumping (IABP). Pulsatile flow 
during CPB is also easily imple- 
mented with the TKP. 





Ts at 





Because the TKP is constructed 
from a continuous piece of surgical 
grade PVC tubing, it is potentially 
the safest and most effective device 
of its kind. The TKP is also priced 
well below similar devices. 

For details on the unique features 
of the TKP contact: 


k Patent Pending 


merding, Pa. 15148 è (412) 823-0440 
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You see twice as much. Your diagnoses are twice as sure. 


The Olympus Bronchofiberscope has been given an ingenious new set of optics and a fiber bundle with 
double the number of fibers. And that means ultimate resolution. Translation: your views are larger, brighter 
and sharper. Olympus famous one-hand control, light-weight compactness and 260° tip angulation add 
patient comfort and easy insertion. See for yourself why most of the world’s bronchoscopists use Olympus. 
Write Olympus Corporation of America, Medical Instrument Division, 2 Nevada Drive, New Hyde Park, N.Y. 11040 
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Only CPI offers 
four warranty 
options. 


A choice in lithium 
that lets you match 
pacemaker to patient 
condition...with 
confidence. 


If all patient conditions were the same, you'd only 
need one pacemaker. An optimum situation but medi- 
cally unrealistic. The variety of patient needs demands 
a variety of implant options. Size, price and warranty life 
are all considerations when matching pacemaker 
to patient. The most critical of these factors however, is 
warranty life. 

CPl's limited warranties are based on clinical 
data accumulated since 1972 and theoretical calculated 
longevity which has been determined for each unit. 
As such, the warranties are statements of CPI's product 
confidence and reliability. Confidence and reliability 
that only lithium offers. 

The expanded line and warranties include: 
e MAXILITH-10 ° MINILITH-8 * MINILITH-5 * MINILITH-3. 
Numerical designation indicates warranty life. 
CPI pacemakers are available in asynchronous and 
demand models. All units are offered in unipolar 
and bipolar configurations. 

No other pacemaker company can offer you this 
range of options in models and warranty life.. 
all in lithium. For your needs, and for your patients. 

Four warranty options. Only from CPI. 


® 
CARDIAC PACEMAKERS, INC. 


4100 NORTH HAMLINE AV 






612) 631-306 
CABLE CARDIAPACE. ST 


PAUL/TELEX 29-7049 


CPI-EUROPA, B.V. 
SPOORSINGEL 38 

HEERLEN 5200 

THE NETHERLANDS 

TELEPHONE 045-718457 

TELEX 56710 CARPA NL 


© 1977 Cardiac Pacemakers, Inc 
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Only 


FTHIBOND 


POLYESTER SUTURE 
has polybutilate 


„Mie first coating designed for sureery 
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All coated sutures available until now have been coated with 
commercial lubricants. ETHIBOND suture, a braided polyester, is 
coated with polybutilate, also a polyester but developed specifically 
for surgical use. 

Since polyester coating has a natural affinity for polyester 
braid, a strong cohesive attraction forms — and minimum polybutilate 
is required for maximum lubrication. Each suture is uniformly coated 
according to size, virtually eliminating any possibility of the lubricant's 
flaking, shredding or beading. Thus, ETHIBOND suture exhibits less 
tissue reaction compared to sutures which tend to exfoliate their coating. 

With its minimum polybutilate coating, ETHIBOND suture 
has a soft, pliable hand — easy to tie and knot. It passes through tissue 
with an ease that can be compared to monofilament suture materials, It 
has high tensile strength, and retains its strength in vivo. 

ETHIBOND suture is available in a full range of sizes, in 
precut unthreaded sutures or swaged to Super-Smooth needles 
specifically designed for cardiovascular surgery. 

The cardiovascular surgeon who prefers braided sutures will 
find the smoothness, strength and minimal reactivity of ETHIBOND 
suture of value in valve replacements, graft-to-tissue anastomoses and 
revascularization procedures. 


ETHICON 














COMPLETE PRODUCT INFORMATION 





ETHIBOND* 


POLYESTER SUTURE 


NONABSORBABLE. 
SURGICAL SUTURE, U.S.P. 


DESCRIPTION 

ETHIBOND suture is nonabsorbable, braided, polyester 
(polyethylene terephthalate or MERSILENE* polyester) fiber 
uniformly coated with polybutilate, or poly [oxy-1, 
4-butanediyloxy (1,6-dioxo-1,6-hexanediyl)|. The highly adher- 
ent coating is a biologically inert, nonabsorbable compound 
which acts as a lubricant to mechanically improve the physi- 
cal properties of the uncoated suture by improving ease of 
passage through tissues and by providing overall improved han- 
dling qualities as contrasted to the braided, uncoated fiber. 


ETHIBOND sutures are sterile, inert, and elicit minimal tissue 
reaction, They are braided for optimal handling properties, 
and for good visibility in the surgical field the dyed sutures are 
colored with D&C Green No. 6. 


ACTIONS 

ETHIBOND sutures are strong, nonabsorbable sutures: sub- 
cutaneous tissue implantation in rats shows that no signific- 
ant change in the retention of tensile strength of the suture 
occurs during the entire evaluation period of 180 days. Both 
the polyester fiber suture material and the polybutilate coating 
are pharmacologically inactive. 


INDICATIONS 
ETHIBOND suture is intended for use as a nonabsorbable 
suture. 


CONTRAINDICATIONS 


None 


WARNINGS 
ETHIBOND polyester sutures have not been evaluated in 
ophthalmic surgery. 


Do not resterilize. 


PRECAUTIONS 

As with all sutures, acceptable surgical practice must be fol- 
lowed with respect to drainage and closure of infected 
wounds. 


Knot security requires the standard surgical technique of flat 
and square ties, with additional throws if indicated by surgical 
circumstance and the experience of the operator. 

Two-year carcinogenicity studies in Long-Evans rats demon- 
strated no carcinogenic potential. 


ADVERSE REACTIONS 

Slight erythema and/or induration at suture sites have been 
reported in approximately 2% of the patients in whom 
ETHIBOND sutures have been used, a not unexpected reaction. 


DOSAGE AND ADMINISTRATION 


Use as required per operation. 


HOW SUPPLIED 

ETHIBOND sutures are available sterile as green braided and 
undyed (white) strands in sizes 5 to 7/0 in a vanety of lengths, 
with and without needles, in one and three dozen units. 
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“A maximal inspiratory effort is the most 
efficacious maneuver available for 
preventing and reversing alveolar collapse.”* 
With new TRIFLO II Incentive Deep-Breathing Exerciser, patient 
progress is indicated in progressive increments of 300 cc/sect* 
because chamber indicators are color-graduated at approximate 
volumes of 600 cc/sect (light blue), 900 cc/sec* (medium 
blue) and 1200 cc/sect (dark blue). 
Its pre- and postoperative use provides physiologically correct 
exercise that encourages deep, prolonged, voluntary inspiration 
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priate antibiotic. 
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intramuscular administration. Penetrates body tissues 
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Unipen 
(nafcillin sodium) 


AS THE MONOHYDRATE, BUFFERED,WYETH 


Disc Susceptibility Tests: Quantitative methods that require 
measurement of zone diameters give the most precise estimates of 
antibiotic susceptibility. One such procedure* has been recom- 
mended for use with discs for testing susceptibility to penicillinase- 
resistant penicillin-class antibiotics. Interpretations correlate diam- 
eters on the disc test with MIC values for penicillinase-resistant 
penicillins. With this procedure, a report from the laboratory of 
“susceptible” indicates that the infecting organism is likely to 
respond to therapy. A report of “resistant” indicates that the infect- 
ing organism is not likely to respond to therapy. A report of “‘inter- 
mediate susceptibility” suggests that the organism would be 
susceptible if high dosage is used, or if the infection is confined to 
tissues and fluids (e.g., urine) in which high antibiotic levels are 
attained. 

“Bauer, A.W., Kirby, W.M.M., Sherris, J.C., and Turck, M.: Antibiotic 
Testing by a Standardized Single-Discs Method, Am. J. Clin. Pathol., 
45:493, 1966; Standardized Disc Susceptibility Test, FEDERAL REGISTER 
37:20527-29, 1972. 

Indications: Although the principal indication for Unipen is in the 
treatment of infections due to penicillinase-producing staphylococci, 
it may be used to initiate therapy in such patients in whom a staphy- 
lococcal infection is suspected. (See Important Note below.) 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to Unipen should be performed. 

In serious, life-threatening infections, oral preparations of the 

penicillinase-resistant penicillins should not be relied on for 
initial therapy. 
Important Note: When it is judged necessary that treatment be 
initiated before definitive culture and sensitivity results are known, 
the choice of Unipen should take into consideration the fact that 
it has been shown to be effective only in the treatment of infections 
caused by pneumococci, Group A beta-hemolytic streptococci and 
penicillin G-resistant and penicillin G-sensitive staphylococci. If the 
bacteriology report later indicates the infection is due to an organism 
other than a penicillin G-resistant staphylococcus sensitive to 
Unipen, the physician is advised to continue therapy with a drug 
other than Unipen or any other penicillinase-resistant semi- 
synthetic penicillin. 

Recent studies have reported that the percentage of staphylococcal 
isolates resistant to penicillin G outside the hospital is increasing, 
approximating the high percentage of resistant staphylococcal iso- 
lates found in the hospital. For this reason, it is recommended that 
a penicillinase-resistant penicillin be used as initial therapy for any 
suspected staphylococcal infection until culture and sensitivity 
results are known. 

Methicillin is a compound that acts through a mechanism similar 
to that of Unipen against penicillin G-resistant staphylococci. 
Strains of staphylococci resistant to methicillin have existed in 
nature and it is known that the number of these strains reported has 
been increasing. Such strains of staphylococci have been capable of 
producing serious disease, in some instances resulting in fatality. 
Because of this there is concern that widespread use of the peni- 
cillinase-resistant penicillins may result in the appearance of an 
increasing number of staphylococcal strains which are resistant to 
these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Contraindications: A history of allergic reaction to any of the 
penicillins is a contraindication. 

Warnings: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin 
therapy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These re- 
actions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hypersen- 
sitivity reactions when treated with a cephalosporin. Before therapy 
with a penicillin, careful inquiry should be made concerning previous 
hypersensitivity reactions to penicillins, cephalosporins, and other 
allergens. If an allergic reaction occurs, appropriate therapy should 


be instituted, and discontinuation of Unipen (nafcillin sodium) 
therapy considered. The usual agents (antihistamines, pressor 
amines, corticosteroids) should be readily available. 

Precautions: As with any potent drug, periodic assessment of 
organ-system function, including renal, hepatic and hematopoietic, 
should be made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 

because of the possibility of thrombophlebitis. 
Adverse Reactions: Reactions to Unipen have been infrequent and 
mild in nature. As with other penicillins, the possibility of an anaphy- 
lactic reaction or serum sickness-like reactions should be considered. 
A careful history should be taken. Patients with histories of hay 
fever, asthma, urticaria, or previous sensitivity to penicillin are more 
likely to react adversely. 

The few reactions associated with the intramuscular use of Unipen 
have been skin rash, pruritus, and possible drug fever. As with 
other penicillins, reactions from oral use of the drug have included 
nausea, vomiting, diarrhea, urticaria, and pruritus. 

Parenteral Administration: It is recommended that parenteral 
therapy be used initially in severe infections. The patient should be 
placed on oral therapy with this product as soon as the clinical condi- 
tion warrants. Very severe infections may require very high doses. 

Intravenous Route: The required amount of drug should be 
diluted in 15 to 30 ml. of Sterile Water for Injection, U.S.P., or 
Sodium Chloride Injection, U.S.P., and injected over a 5- to 10- 
minute period. This may be accomplished through the tubing of an 
intravenous infusion if desirable. 

Stability studies on Unipen at concentrations of 2 mg/ml and 
30 mg/ml in the following intravenous solutions indicate the drug 
will lose less than 10% activity at room temperature (70° F.) during 
the time period stipulated: 


Isotonic sodium chloride. . . Farà ...24 hours 
5% dextrose in water ....... ceses secs eee e eee eens 24 hours 
5% dextrose in 0.4% 

sodium chloride solution.............. 0.0 e eee eevee ees 24 hours 
Ringer's solution,.......2.00060000cceeeneweneneeeeeces 24 hours 
M/6 sodium lactate solution 

(conc. of 30 mg/ml) ..........02 ccc e ee sene eee e ene e es .24 hours 


Discard any unused portions of intravenous solutions after 
24 hours. 

Only those solutions listed above should be used for the intra- 
venous infusion of Unipen. The concentration of the antibiotic should 
fall within the range of 2 to 30 mg/ml. The drug concentrate and the 
rate and volume of the infusion should be adjusted so that the total 
dose of Unipen is administered before the drug loses its stability 
in the solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular Route: The clear solution should be administered 
by deep intragluteal injection immediately after reconstitution. 
After reconstitution, keep refrigerated (2°-8° C.) and use within 
7 days or keep at room temperature (25° C.) and use within 3 days. 
Oral Administration: Beta-hemolytic streptococcal infections 
should be treated for at least 10 days to prevent development of 
acute rheumatic fever or glomerulonephritis. 

If oral therapy is inadequate, resort to parenteral Unipen. 

After mixing, the oral solution must be stored in a refrigerator. 

Discard any unused portion after one week. 
Supplied: INJECTION (VIALS)—Supplied in vial sizes of 500 mg., 
1 gram, and 2 gram Unipen as the monohydrate, buffered. When 
reconstituted as recommended, the contents of each vial provide, 
respectively, 2-, 4- or 8-ml. of Unipen solution equivalent per m/. to 
250 mg. Unipen buffered with 10 mg. sodium citrate. Film-coated 
TABLETS—containing Unipen as the monohydrate, equivalent to 
500 mg. Unipen buffered with calcium carbonate. CAPSULES— 
containing Unipen as the monohydrate, equivalent to 250 mg. 
Unipen buffered with calcium carbonate. FOR ORAL SOLUTION— 
Bottle of dry Unipen as monohydrate—powder for reconstitution to 
provide 100 ml. of solution containing Unipen equivalent to 250 mg. 
Unipen per 5 ml. 
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ANNOUNCEMENT 


Standardization of Data and Nomenclature 


Herbert Sloan, M.D., Editor 


In 1976, stimulated by some of the “young 
Turks” in The Society of Thoracic Surgeons, 
President Thomas B. Ferguson appointed an ad 
hoc committee to study the problem of 
standardization of data and nomenclature. 
There had been increasing concern about glar- 
ing inconsistencies in data reporting, particu- 
larly in the areas of coronary artery revasculari- 
zation and operations for acquired valvular dis- 
ease. It was often impossible to compare results 
in these and other areas. 

After a major effort, the committee— 
consisting of George Lindesmith, M.D., Chair- 
man, Robert L. Berger, M.D., Richard E. Clark, 
M.D., Marvin M. Kirsh, M.D., Nicholas T. 
Kouchoukos, M.D., George E. Miller, Jr., M.D., 
Albert Starr, M.D., Timothy Takaro, M.D., and 
Gary Grunkemeier, Ph.D.—produced the 
guidelines that follow. The committee identified 
these major areas as lacking in consistency: def- 
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inition of terms, classification of disease, and 
methods of data analysis. 

The guidelines are not absolute and will be 
open to modification in the future. They repre- 
sent an effort to apply acceptable terminology 
and statistical standards to papers presented be- 
fore the Society and published in The Annals of 
Thoracic Surgery. The editors and members of 
the Program Committee recognize that many 
papers present information that does not require 
statistical analysis; we also realize that it may not 
be possible to implement overnight the criteria 
listed in the guidelines. Nonetheless, these do 
represent a first step in improving the material 
in thoracic surgical papers. 

The authors of each paper accepted for the 
January, 1978, meeting will be expected to follow 
the guidelines and will receive a copy of them at 
the time they are notified about the acceptance 
of their papers. 


Guidelines for Data Reporting 


for The Annals of Thoracic Surgery 


I. 
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Definition of Terms 

All terms and definitions which are not gener- 
ally accepted should be clearly defined and ref- 
erenced. 

A. Mortality. The cause of death should be 


C. Physiological terms. Physiological 


terms should be precise and meaning- 
ful. The Report of the American College 
of Chest Physicians-American Thoracic 
Society Joint Committee on Nomencla- 


reported as well as its relation to the 
operation or to the disease process for 
which the operation was performed. 
The method used to determine the cause 
of death should be reported (e.g., post- 
mortem examination, personal clinical 
evaluation, questionnaire) and the cause 
should be reported as “known,” “prob- 
able,” or “unknown.” 

1. Operative mortality. Operative mor- 
tality will include all deaths occurring 
during the hospitalization in which 
the operation was performed. Those 
deaths occurring after hospitaliza- 
‘tion but within 30 days of the proce- 
dure will be counted as operative 
mortality unless the cause of death is 
clearly unrelated to the operation. 
Those deaths occurring after 30 days 
which are clearly related to the surgi- 
cal procedure will also be counted as 
operative mortality. 

2. Late mortality. Late mortality will in- 
clude those deaths not considered 
operative mortality. 


. Morbidity. All morbidity should be re- 


ported using the actuarial or life table 
method [3]. The method used should be 
either referenced or described. When 
appropriate, additional methods should 
be used so that multiple similar compli- 
cations occurring in a single patient are 
properly presented. 

1. Operative morbidity. Operative 
morbidity will include those compli- 
cations occurring during the hos- 
pitalization in which the operation is 
performed, or beginning within 30 
days of the operation. 

2. Late morbidity. Late morbidity will 
include those complications related 
to an operative procedure which 
occur after 30 days. 


ture and the Council of Biology Editors 
Style Manual are suggested as sources for 
pulmonary physiology terms and sym- 
bols [2, 4]. 


II. Classification of Disease 

The system used should be defined and refer- 

enced. 

A. The TNM classification system should 
be used for staging of neoplastic disease, 
when applicable [1]. 

B. Cardiac disease. Minimal requirements 
for classifying cardiac disease shall in- 
clude an assessment of patient symp- 
tomatology, radiographic anatomy, and. 
hemodynamic data. It is suggested that 
the report of the Ad Hoc Committee for 
Grading of Coronary Artery Disease, 
Council of Cardiovascular Surgery, 
American Heart Association, be used in 
reporting coronary artery disease [5]. 


MI. Methods of Data Analysis 

A. Patient groups. A comparative 
preoperative statistical analysis of pa- 
tient groups should be made. This 
should include sex, age, weight, extent 
of disease, and other variables when 
appropriate. 

B. Survival 

1. All survival data should be reported 
using the actuarial or life table 
method [1]. The method used should 
be either referenced or described. 

2. The technique and adequacy of 
follow-up should be reported. 

3. Status of survivors. Using parame- 
ters pertinent to the disease process 
in question, the status of the survi- 
vors at the time of the report should 
be addressed. 
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C. Statistical validity. With all comparative edition. Arlington, VA: American Institute for 
data, tests of statistical validity should Biological Sciences, 1972 
be included or the absence of statistical 3- Grunkemeier GL, Starr A: Actuarial analysis of 


significance noted. surgical results: rationale and method. Ann Thorac 
Surg p 404, this issue 
References 4. Report of the American College of Chest 
1. American Joint Committee for Cancer Staging and Physicians~American Thoracic Society Joint 
End Results Reporting: Clinical staging system for Committee on Nomenclature: Pulmonary terms 
carcinoma of the lung. Chicago, 1973 and symbols. Chest 67:583, 1975 


2. Council of Biology Editors Committee on Formand 5. Reporting system on patients evaluated for coro- 
Style: Council of Biology Editors Style Manual. Third nary artery disease. Circulation 51:5, 1975 


EDITORIALS 


Major Cardiac Surgery: 


Are the Benefits Worth the Cost? 


Robert A. Mustard, M.D. 


Dr. Marty and his associates (p 409, this issue) 
are to be commended for drawing attention to 
the high cost of heart surgery and to the question 
of whether the benefits justify the cost. In recent 
years there has been growing agitation about the 
cost of health care, which in the United States 
has risen from approximately $10 billion in 1950 
to $70 billion in 1972 and to more than $130 
billion in 1976 [10]. As a percentage of the gross 
national product, total health expenditures in 
the United States have more than doubled, from 
4.1% in 1940 to 8.3% in 1975 [4]. Further expan- 
sion of the share of national resources assigned 
to health care seems improbable. Competing 
demands for increased support of individual 
programs within the health care sector thus will 
pose more and more difficult problems of re- 
source allocation. Demonstrations of cost/ 
benefit (does the value of benefits exceed the 
cost?) or of cost-effectiveness (which of two or 
more programs can achieve the desired objective 
at least cost?) will be needed to solve these prob- 
lems. 

Major cardiac surgery is one of our most ex- 
pensive therapeutic programs, particularly the 
surgical treatment of coronary artery disease. 
According to the authors, 26,100 aortocoronary 
bypasses were performed in short-term, non- 
federal hospitals in the United States during the 
first six months of 1976, an annual rate of 52,200. 
It is probably safe to assume that at least 5,000 
further operations are done in federal institu- 
tions. Estimated hospital charges for the middle 
50% of these procedures range from about 
$6,000 to $10,000. To this must be added profes- 
sional charges, which we assume amount to 
$2,000 to $4,000 per case. Thus the grand total of 
hospital and medical bills for aortocoronary 
bypass surgery during 1976 would be in the 
order of $457,600,000 to $800,800,000. These are 
huge sums and are almost certainly underesti- 


From the Department of Surgery, Toronto General Hospital, 
University Wing, Toronto, Ont, Canada. 
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mated. Their expenditure on coronary artery 
surgery reduces by an equal amount the support 
available for other aspects of health care. 

As the authors have pointed out, establishing 
the actual dollar costs of heart surgery is very 
difficult, and it is probably misleading to 
generalize or to base decisions on incomplete 
data. ] suggest that the problem of financial 
computations be left to the accountants and the 
economists. Our responsibility as physicians is 
to assess the benefits. For aortocoronary surgery 
these may include the avoidance of apparently 
imminent death, relief of angina, increased 
exercise tolerance, extended survival, and abil- 
ity to work or play—the total concept known as 
quality-adjusted life years. The problem with 
these dividends is to demonstrate an increment 
which can with certainty be attributed to surgi- 
cal intervention. 

It is clear that the aortocoronary bypass proce- 
dure can restore generous blood flow to ischemic 
myocardium, but it cannot revitalize dead mus- 
cle or make scar tissue contractile. The operation 
was originally applied to patients with severe 
but stable angina refractory to medical treat- 
ment, and in such patients the results are truly 
dramatic—70 to 90% freed of angina with an 
operative mortality of 1 to 3%. Exercise tolerance 
is usually improved, but there is no good evi- 
dence that, on the average, survival is prolonged 
beyond that associated with good medical man- 
agement [7]. However, there are data suggesting 
that patients with two- or three-vessel disease 
who receive complete revascularization [1] and 
those with left main coronary artery disease who 
have successful bypass [9] may gain extended 
survival. 

The successes with aortocoronary bypass have 
led naturally to extending the operation to pa- 
tients with more acute life-threatening manifes- 
tations such as unstable angina or evolving 
myocardial infarction, and even to some with 
cardiogenic shock. Such cases form a high-risk 
group whether treated surgically or not. The 
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major question is whether to investigate and 
operate in selected cases as an emergency or to 
stabilize the patient with good medical man- 
agement and consider operating after this has 
been achieved. A controlled trial [2] with a rela- 
tively small number of study cases and less than 
one year average follow-up has been interpreted 
as favoring the more conservative course. How- 
ever, Swan [8] has pointed out that revasculari- 
zation within six hours of the onset of occlusion 
may avert infarction; after that time the muscle is 
dead. There must be a few cases in which 
prompt diagnosis and immediate operation 
could preserve myocardium that would other- 
wise be irretrievably damaged. 

The role of assisted circulation by the intra- 
aortic balloon pump is another unresolved issue. 
We believe its use has permitted successful op- 
erations in some patients with impaired ven- 
tricular function.” Its application in the relief of 
severe unstable angina and in support of a fail- 
ing myocardium remains a matter for study [5]. 

There are many other issues which need cool 
appraisal. What are the indications for coronary 
arteriography? Is it justified in patients with 
minor symptoms and little disability? What is 
the incidence of early graft occlusion, and what 
do we know about long-term graft patency? 
What is the incidence and significance of 
perioperative infarction? 

In striving to refine the indications for aor- 
tocoronary bypass surgery, we need detailed, 
long-term studies of large groups of patients dif- 
fering in bodily habitus, life-style, risk factors 
(diabetes, hyperlipidemia, hypertension), pre- 
vious infarcts, degree and location of coronary 
narrowing, extent of myocardial dysfunction, 
and so forth. 

To answer all these questions by clinical trial 
has proved difficult. As Conti [3] reported in 
relation to the National Heart and Lung Institute 
cooperative trial on the management of unstable 
angina, “our experience in conducting this pro- 
spective randomized trial has revealed a great 
deal of physician bias and reluctance to pre- 
scribe treatment randomly even though there 
are few hard data to reinforce personal prefer- 
ence for one or another form of therapy.” Since 


*Macmillan RL: Personal communication, 1977. 


its start in 1972, only 150 patients have been 
entered and maintained in the trial, 70 receiving 
surgical and 80 medical treatment, with an aver- 
age follow-up of approximately 240 days. In ad- 
dition to physician reluctance, the attempt to 
ensure a homogeneous population of patients 
by setting numerous and strict criteria for entry 
into the trial has further limited the accession of 
study patients and thus increased the time 
needed to show significant findings. 

Valid conclusions may also be derived from 
studying operated and nonoperated popula- 
tions that have been sufficiently well described 
to allow matched groups to be retrospectively 
selected and compared [6]. Such a plan requires 
the recording, retrieval, and analysis of a mul- 
titude of facts about each patient, including ini- 
tial findings, details of treatment, and results of 
follow-up examinations. This mass of informa- 
tion can be handled only by a major com- 
puterized program—a data bank. Such a pro- 
gram is expensive, but it may in the end prove 
more readily applicable and more flexible than 
the clinical trial approach. For example, the data 
bank can be used not only to answer general 
questions but to answer specific questions 
about individual patients. By listing the descrip- 
tors which characterize his patient, the physi- 
cian can obtain from the bank a subgroup of 
similar patients and a printout of their actual 
survival and symptomatic status by method of 
treatment. Obviously the value and precision of 
such a “computer textbook” will be progres- 
sively enhanced as the volume of data and length 
of follow-up grow. 

It is quite likely that the slow accumulation of 
data and their evolving analysis will reveal that 
the dividends from surgical treatment are con- 
fined to certain specific subsets of the total popu- 
lation of patients with symptomatic coronary 
heart disease. As this knowledge is revealed, the 
process of selecting patients for operation will be 
progressively refined, the benefits more consis- 
tently achieved, unnecessary or ineffective op- 
erations avoided, and the benefit/cost ratio 
moved to the plus side of zero. 

Once we have determined the benefits and 
defined the criteria for aortocoronary bypass 
surgery, the responsibility for its cost will be- 
come a societal question (how much is society 
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willing to pay?), a political question (how can 
we ensure availability according to need?), and 
a governmental question (how much of the 
tax dollar can be assigned to health services 
and, specifically, to the problem of heart dis- 
ease?). 
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Trachea—Innominate Artery Fistula 


W. Glenn Young, Jr., M.D. 


Tracheostomy is an ancient operation that has 
saved countless lives. As long ago as 1879, how- 
ever, Körte [3] described fatal rupture of the 
innominate artery after tracheostomy in a 
5-year-old child who had diphtheria. Fatal 
hemorrhage was subsequently included as one 
of the major complications of tracheostomy in 
the otolaryngological literature through the 
years. 

Diphtheria was finally controlled by preven- 
tive vaccination; however, the use of tracheos- 
tomy again became commonplace after World 
War Il in thoracic and head and neck operations. 
The introduction of long-term ventilatory sup- 
port employing cuffed tubes further increased 
the frequency of tracheostomy. Delayed hemor- 
rhage again occurred and was brought to our 
attention by the reports of Davis and Southwick 
[1] and Silen and Spieker [6]. 

In 1971, Mathog and associates [4] reported 
the Duke Hospital experience with 6 instances of 
delayed massive hemorrhage following trache- 
ostomy. One of these patients, a 21-year-old 
woman who underwent immediate sternot- 
omy with resection and ligation of the in- 
nominate artery, survived. The single previous 
long-term survivor was treated in a similar fash- 
ion by Reich and Rosenkrantz in 1968 [5]. As 
recently as 1976, only 10 long-term survivors had 
been reported in the world literature [2]. 

Dr. Cooper's report (p 439, this issue) reflects 
credit upon excellent surgical training and an 
alert respiratory care unit team. He describes 
long-term survival in 3 successive patients who 
had trachea—innominate artery fistulas treated 
at the Toronto General Hospital in 1975 and 
1976. 

The salient features of this dramatic condi- 
tion, as brought out by Cooper and others, in- 
clude the following. 


1. The incidence is in the range of 0.5 to 0.6% 
of all tracheostomies. The innominate artery 
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may erode from direct pressure by the elbow of 
the cannula resting against the artery; erosion 
through the tracheal wall by a high-pressure cuff 
may also occur. The former is usually the result 
of technical error in placing the tracheostomy 
too low in the trachea. The second etiology is 
decreasing in frequency, thanks to the de- 
velopment of low-pressure cuffs. 

2. A high index of suspicion is necessary for 
early diagnosis. The initial bleeding may be 
very minor, but this is followed shortly by mas- 
sive hemorrhage, aspiration, and airway diffi- 
culty. Any bleeding occurring 48 hours or more 
after tracheostomy should lead to a careful exam- 
ination in the operating room. 

3. Because of the patient’s hypoxia, the blood 
may be quite dark and erroneously thought to be 
venous in origin. Immediate control of the 
hemorrhage can be accomplished by finger 
pressure or by inflation and repositioning of the 
balloon cuff. 

4. Definitive management requires partial 
sternotomy to expose the injured vessel. The 
weight of clinical evidence seems to indicate 
that the innominate artery should be ligated and 
divided without concomitant attempts at bypass 
grafting or other procedures. Neurological se- 
quelae have been rare. 
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ORIGINAL ARTICLES 


Actuarial Analysis of Surgical 
Results: Rationale and Method 


Gary L. Grunkemeier, Ph.D., and Albert Starr, M.D. 


ABSTRACT The use of time-related methods of 
statistical analysis is essential for valid evaluation of 
the long-term results of a surgical procedure. Accu- 
rate comparison of two procedures or two prosthetic 
devices is possible only when the length of follow-up 
is properly accounted for. The purpose of this report 
is to make the technical aspects of the actuarial, or life 
‘table, method easily accessible to the surgeon, with 
emphasis on the motivation for and the rationale be- 
hind it. 

This topic is illustrated in terms of heart valve pros- 
theses, a field that is rapidly developing. Both the 
authors and readers of articles must be aware that 
controversies surrounding the relative merits of vari- 
ous prosthetic designs or operative procedures can be 
settled only if proper time-related methods of analy- 
sis are utilized. 


A survival curve is a graph of the percentage of 
patients alive at each postoperative interval, 
plotted as a function of time. In the actuarial or 
life-table method, this percentage is plotted only 
at certain intervals (usually years), and the val- 
ues are connected by straight lines. Several re- 
ports of the actuarial method are available [1-4]. 
Our intent is to present this topic to one who 
may have had no previous experience with the 
methodology but who wishes to understand it 
so as to evaluate scientific presentations more 
intelligently or perhaps to apply it in a report of 
his own. The motivation for the use of this 
method and the rationale behind the calcula- 
tions are emphasized. 


Fallacy of “Late Mortality” as a 

Simple Percentage 

If 100 people are included in a study, 20 of them 
have died within five years, and the rest have all 
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been exposed to risk for at least five years, then 
the fifth-year death rate is simply 20%. How- 
ever, most series are ongoing, and these rates are 
computed before all the survivors have had five 
years of follow-up. A common fallacy in such a 
situation is to offer 20% as the “total mortality 
after five years.” This is always less than the true 
five-year death rate, because as the rest of the 
100 patients attempt to complete five years of 
follow-up experience, more of them will die. 

To take an extreme example, suppose that a 
certain new operation has been performed once 
during each of four consecutive years. Each pa- 
tient dies inexplicably at the beginning of his 
second postoperative year, and during the fifth 
year 96 more operations are successfully per- 
formed. At the end of the fifth year the experi- 
ence could be summarized as follows. “During 
the past five years we have operated on 100 pa- 
tients with no operative deaths and 4 late deaths 
for a total mortality, after five years, of only 4%.” 
Such a statement conceals the fact that thus far 
this operation is incompatible with survival be- 
yond the first year. The following example, 
which is more realistic, further portrays this 
concept. 


Since 1972, a surgeon who does 50 valve replacements 
per year has been using two valves simultaneously. 
He has gradually switched his preference from the old 
to the new valve because it seems to perform better. In 
1976 he reviews both series, and the results, listed in 
Table 1, confirm his suspicions: the overall late survi- 
val at four years is 80 to 70% in favor of the new 
prosthesis. 

However, a careful time-related examination of the 
data, shown in Table 2, reveals that 10% of the origi- 
nal group die each year in both series. Thus, both 
valves produce identical survival rates, and the actual 
four-year mortality is 40% (survival is 60%), as shown 
in Figure 1. 


This example shows the necessity of time- 
related analysis. Late mortality as a simple per- 
centage is meaningless, and in an ongoing series 
it is always less than true mortality. Nonexistent 
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Table 1. Long-Term Results with Two Valve Series 





Follow-up No.in Late “Late 
Model Range (yr) Series Deaths Mortality” 
Old 1-4 100 30 30% 
New 1-4 100 20 20% 





Table 2. Detailed Results for Series in Table 1 


No. of Late 
Deaths by 
Year Postop 
Year of Model and See 
Implant No. of Implants 1 2 3 4 
1972 Old (40) 4 4 4 4 
New (10) 1 1 1 1 
1973 Old (30) 3 3 3 
New (20) 2 2 2 
1974 Old (20) 2 2 
New (30) 3 3 
1975 Old (10) 1 
New (40) 4 
100 
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Fig 1. Survival curve for valve series in Table 2. 


differences can be demonstrated or true ones 
disguised if length of follow-up is not properly 
accounted for. 


Rationale of the Actuarial Method 


In the following discussion a notational conven- 
tion, in which a subscript refers to the year 
under consideration, is used. For example, P4 is 
the percentage first-year survival rate; P; is the 
fifth-year survival rate, and so on. For more gen- 
erality, the variable k can be used to denote any 
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Fig 2. Actuarial estimate of two-year survival. 


year (= k), so that Px is the kth year survival rate 
and dy is the number of deaths in the kth year. 
One valid way of computing the survival rate 
Px is to use only those patients who have had at 
least k years of follow-up. This is called the direct 
or reduced-sample method. The disadvantage of 
this method is that not all the information is 
used, and the resulting loss in precision is re- 
flected by a large standard error [3]. The actuarial 
method, however, uses the information from all 
patients, whether or not they have had k years of 
exposure to the risk of dying, to calculate Px. 
To see how this is possible, consider a 
simplified example in which we want to esti- 
mate the two-year survival rate, P4, on the basis 
of a group of 50 patients who had a certain valve 
implanted exactly two years ago and another 
group of 100 patients who received the same 
prosthesis exactly one year ago. A group of pa- 
tients who enter a study during the same time 
interval is called a cohort. The separate survival 
rates for these two cohorts are plotted in Figure 
2, and it can be seen that the second cohort hada 
better survival experience during the first year. 
Note that the reduced-sample estimate is based 
only on the second cohort. The actuarial curve is 
indicated by the dashed line. For the first year, 
during which both cohorts were at risk, P, is 
simply an average of their combined survival 
experience, which is calculated as the propor- 
tion of those at risk for the first year from both 
cohorts combined (ie, entered the study) 
who actually survived it. To calculate the two- 
year survival rate, Py, two steps are necessary. 
First, the interval survival proportion for the 
second year, pz is computed as the proportion of 
those who were at risk during the second year 
who actually survived it. In this example, p; is 
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based only on the first (earlier) cohort, and it is 
an estimate of the probability of surviving the 
second year given that the patient has survived 
the first year. Second, P+ is calculated as P, X p». 
The rationale here is that in order to survive for 
two years, a patient must live through the first 
year (Pı), and then must survive the second as 
well (pə). It is mathematically appropriate to 
compute the joint probability of these two 
events by multiplying together the probability 
of each. Thus each member of the series contrib- 
utes to all the intervals for which he had experi- 
ence, and the precision of the estimate is in- 
creased. 


Definition of Postoperative Status 

The previous example is somewhat over- 
simplified, because operations are not per- 
formed on whole groups simultaneously; thus 
the length of time in the study is usually differ- 
ent for each patient. Such a situation is heuristi- 
cally depicted in Figure 3, in which the patients 
in the study are represented by horizontal lines 
extending, according to the time of entry into the 
study, from the vertical axis, which is scaled in 
time. The number of patients who entered in 
each year is given in parentheses below the year 


_in the left margin. The time each patient has. 


been at risk is represented by line length. The 
point from which the analysis takes place is the 
end of 1976, the bottom point of the vertical axis. 
A helpful way of visualizing the varying lengths 
of follow-up experience is to draw a diagonal 
line from this point of analysis to the point on 


Fig 3..Graphic representation of a hypothetical 
four-year follow-up of 17 patients. 
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the upper horizontal axis corresponding to the 
total elapsed time of the study (four years). This 
diagonal line represents the limit of maximum 
follow-up time for each entrant on the vertical 
axis. There are four ways in which an observed 
lifetime can end: 


1. By death (d), represented in Figure 3 by an 
x at the end of a line. 

2. By permanent removal (r) of some kind, 
represented by a filled circle at the end of the. 
line. This category includes those patients who 
are removed from the study because of a change 
in their own situation vis-a-vis the study, eg, ifa 
newer model valve is implanted or if another 
valve is implanted in another position. An in- 
herent assumption is that patients who are re- 
moved have the same underlying probability of 
survival as those who are not removed. By de- 
claring which classes of patients he has removed 
from study, the researcher makes his reader 
aware of the possible bias that might be intro- 
duced. 

3. By being lost (1) to follow-up, represented 
by a vertical bar at the end of the line. These are 
patients who have not responded to the most 
recent contact attempt but were alive when last 
heard from. Again, the assumption is implicit 
that these lost patients are from the same under- 
lying population (see Appendix). 

4. By surviving (s) until the present, repre- 
sented in Figure 3 by an open circle at the end of 
the lifeline. These are patients who are still alive 
and have responded to the most recent follow- 
up attempt. (The terms withdrawn and with- 
drawn alive are also used in the literature to de- 
note these patients.) 


Life Table and Computational Steps 

In practice, a graphic display such as Figure 3 is 
not drawn. Instead, a life table would be con- 
structed directly from the patient records. Table 
3 contains this information for the patients in 
Figure 3, according to the following directions: 


1. k stands for the interval of time. It is used as 
a subscript for the other parameters. 

2. dy is the number of people who died in their 
kth year, ie, the total number of x’s in the kth 
column of Figure 3. 
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Table 3. Life Table and Work Sheet for Data in 
Figure 3° 


1. k = 1 2 3 4 
2. d, = 4 2 1 0 
3. mn = 0 1 1 0 
4, k = 1 1 0 0 
5. Ss = 2 1 2 1 
6. Ny, = 17 10 5 1 
7. N'’'k = 15.5 8.5 3.5 0.5 
8. 4u = 0.26 0.24 0.29 0 
9. Pr = 0.74 0.76 0.71 1 
10. Pk = 0.74 0.56 0.40 0.40 
See text. 


3. rx is the number of people who were re- 
moved in their kth year, ie, the number of filled 
circles in the kth column. 

4. lx is the number of people who are lost in 
their kth year, ie, the number of vertical bars in 
the kth column. 

5. sx is the number of people who were in the 
process of completing their kth year of post- 
operative survival at the time of the study, ie, the 
number of open circles in the kth column. 

6. Nr is the number of people who entered 
their kth year alive. N; is the sum of the original 
cohort sizes. To determine N, for k > 1, subtract 
from the number who entered the previous year 
alive (N,..,) the number who died (d,y_,), were 
removed (rx-ı) or were lost (Iy-,) during that 
year or who survived only into that year (5-1); 
ie, Ny = Ng- ~ (d-i + thea + her + Sx-1)- 

7. N’, is the effective number exposed to risk 
of dying during the kth year. On the average, a 
person who is removed, lost, or still surviving 
will contribute only half a year of exposure to his 
final year: N's = Ny — Yel + ke + Sp) 

8. qx is the proportion dying during the kth 
year: qx = di/N';, ie, the fraction of those effec- 
tively exposed to risk during the kth year who 
did not survive it. 

9. p, is the interval survival proportion for the 
kth year: px = 1 — qx, ie, the fraction of those 
effectively exposed to risk during the kth year 
who did survive it. 

10. Px is the kth-year survival rate, ie, the 
fraction of those entering the study who can be 
expected to survive at least k years. Pı = p, and 
fork > 1, Py = Pier X Pr- 
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Fig 4. Survival curve for data from Figure 3. 


This last percentage (Py) is plotted as a func- 
tion of time (k) to form the survival curve shown 
in Figure 4. This figure also contains approxi- 
mate 95% confidence intervals (+ 2 standard 
errors) at selected years, calculated by the 
Greenwood formula [1, 3, 4]. 


Comment 


There continue to be conflicting reports of late 
results obtained by different investigators who 
have used the same heart valve prosthesis. The 
reasons for such discrepancies could be the lack 
of standardization of terminology, variations in 
completeness of follow-up (see Appendix), or 
the statistical method used to analyze the events. 
Adherence by authors to a standardized 
framework of follow-up and reporting methods 
would greatly facilitate interpretation of reports 
of valve series and allow qualitative compari- 
sons between the results from different institu- 
tions. These remarks also apply, as does the 
statistical methodology described in this report, 
to the analysis of any series of surgically or med- 
ically treated patients. 


Appendix: Percentage Follow-up 

A prerequisite for valid presentation of any follow-up 
experience is complete information. If the data are not 
representative, even the best analysis will lead to false 
conclusions. Since actuarial analysis utilizes the par- 
tial information from cases lost to follow-up, it may 
disguise the incompleteness of the data. In such a 
situation, it is agreed that there is no satisfactory 
methed for technically handling lost patients and that 
any method is likely to introduce bias into the results 
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[2-4]. Such biases may be in either direction. The lost 
patients may be mainly those who have worsened or 
died, which tends to falsely improve the results, or 
they may be mostly those who are doing well, so that 
the results obtained look falsely dire. In either case, 
some measure of the thoroughness of follow-up 
should accompany the statement of results so that the 
amount of possible bias may be assessed. However, 
the status of “lost to follow-up” is not uniquely de- 
fined. The number lost is a function of how diligently 
one follows his patients. Also, lost can be a temporary 
condition, since a patient missed on one survey may 
subsequently reappear. And even if the condition is 
permanent, partial follow-up may be available. 

In an attempt to quantitate this concept, we define 
percentage follow-up fora given series of prostheses (or 
patients), as of a ziven date, as the ratio of the amount 
of time (in months or years) that has actually been 
observed or accounted for, divided by the total amount 


possible if all patients last known to be alive had actu- 

ally been accounted for as of that date. That is, 

No. of valve-years observed 
Total no. possible 

This percentage is dependent upon the study date 

chosen. 


Percentage follow-up = 
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The Variation in Hospital Charg 


es: A Problem 


in Determining Cost/Benefit for Cardiac Surgery 


Alan T. Marty, M.D., Adel F. Matar, M.D., Ross Danielson, Ph.D., 


and Richard O'Reilly, M.D. 


ABSTRACT Based on 417 itemized bills from 45 
American hospitals that responded to a randomized, 
geographically stratified survey covering January to 
June, 1976, the middle 50% of hospital charges for 
cardiac operations ranged between $5,914 and 
$10,315. Nonitemizing hospitals submitted lower, 
but less accurate, estimates. As 60% of the itemized 
bill consisted of high charge/cost items such as labora- 
tory and pharmacy fees, total charges were not low- 
ered merely by increasing case load or decreasing 
operating room times. Careful individualization of 
services in 1 hospital, however, reduced charges up to 
16%. Charge per day was a poor index of efficiency 
because patients staying longer had lower average 
daily charges. The variation in hospital charges and 
lack of accounting uniformity preclude meaningful 
quantitation of either the “typical” charge or the 
numerator of the cost/benefit ratio for cardiac opera- 
tions. 


A variety of forces are pressuring most physi- 
cians to become increasingly concerned with 
costs. Whether considering cost/benefit (what 
should be done) or cost-effectiveness (how best 
to do it), a systematic evaluation of cost data is 
necessary, and it is surprising that no adequate 
cost information exists for one of the most ex- 
pensive forms of health care: cardiac surgery. 
Because it is unlikely that this inattention will 
continue, examination of some of the problems 
encountered in figuring cost/benefit for open- 
heart surgery seems appropriate. Perhaps the 
most objective way to determine if benefits ex- 
ceed costs is to measure both sides of the cost/ 
benefit ratio. When this ratio is expressed in 
monetary terms, however, difficulties emerge 
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with the denominator. No one can agree on how 
to place a dollar value on the saving of human 
life. Furthermore, the lack of data regarding 
cost/benefit has not prevented either specula- 
tion that cardiac surgery may not be cost benefi- 
cial [3, 4, 9] or limitations on the expansion of 
cardiac surgical facilities [4, 5, 6, 10]. 

An argument for dismissing all attempts at 
establishing cost/benefit ratios for heart surgery 
can thus be made because data on the de- 
nominator will always be in dispute. Even if the 
ratio could be quantitated, value judgments re- 
garding the allocation of resources will still be 
important. For example, many patients who 
need heart surgery are willing to pay, even if it 
may not have an efficient cost/benefit ratio from 
a societal viewpoint. 

Despite such arguments against cost/benefit 
analyses, government health planners continue 
to think in such terms. More information con- 
cerning the expense of cardiac surgery should 
thus be made public, for while physicians and 
planners cannot permit themselves to be com- 
pletely submerged in economic details, neither 
group can afford to remain unenlightened about 
costs. 

Accordingly, the present paper has the follow- 
ing goals: (1) to describe the variation in hospital 
charges for open-heart surgery; (2) to examine 
certain medicoeconomic hunches, eg, that the 
charge per patient should be lower in institu- 
tions that treat a large number of patients and 
that a lower charge per day should correlate with 
efficiency; (3) to determine whether it is possi- 
ble to measure the “typical” hospital charge 
for open-heart operations; and (4) to decide 
whether the numerator of the cost/benefit ratio 
for cardiac surgery can be quantitated. 


Methods 
United States Itemizing Hospitals 


After attempts at data collection from various 
health insurance carriers failed, a randomized, 
geographically stratified sampling method cov- 
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ering 40 states was used to select one or more 
institutions per state listed in the American 
Hospital Association annual report for 1973 as 
performing heart surgery. One hundred two let- 
ters were mailed to 98 hospitals. The letters re- 
quested itemized summaries of hospital bills 
from 10 consecutive patients having aortic valve 
replacement or coronary artery bypass in the 
first half of 1976. The average number of cardiac 
operations done per month for this period was 
also requested. Assurances were given that all 
data would be handled in aggregate form and 
that no hospital would be identified. 


Other Data Sources 

Nineteen federal hospitals in the United States 
and 50 foreign hospitals were also sent letters 
requesting either cost estimates or itemized 
bills. The international variation in the cost of 
disposable open-heart surgery supplies was 
sought by contacting two leading manufactur- 
ers. Comparison data involving all coronary 
bypass procedures performed in the United 
States between January and June, 1976, were also 
requested from the Commission on Professional 
and Hospital Activities (CPHA), Ann Arbor, 
MI, and IMS America, Ltd, Ambler, PA. 


Data Analysis 


The itemized bills from hospitals in the United 
States were computer analyzed after the follow- 
ing information was tabulated and transferred 
onto keypunch cards: total hospital charge; 
length of hospital stay; operating room charges; 
intensive care, recovery room, or coronary care 
unit charges; anesthesia supply charges; and 
blood and blood handling charges. The accuracy 
in transferring the tabulated entries to the com- 
puterized archive file was checked twice. A de- 
scription of the composition and distribution of 
total charges and charge components, expressed 
in terms of such measures of central tendency as 
the arithmetic, geometric, and harmonic means 
as well as the first, second, and third quartiles, 
was then obtained by using a CDC 3300 com- 
puter interactively accessed by way of remote 
terminals in the statistical laboratory at the Uni- 
versity of Oregon Health Sciences Center. Skew 
was computed by the quartile measure of skew- 
ness: 
Q1 + Q3 — 202 
SKQ = ~~ -ol 


where positive values indicate skew to the right 
and negative values, skew to the left. The 
maximum level of skewness by this method is + 
1.0 [2]. 


Results 
United States Itemized Data 


Forty-five institutions provided 417 itemized 
bills. Six hospitals supplied fewer than 6 bills 
each; 35 hospitals provided 7 to 12 bills, and 3 
hospitals provided from 16 to 23 bills each. 
Nineteen other institutions also replied but pro- 
vided data other than in the form requested. 
Thus, of 98 American itemizing hospitals, 67 
responded. The total number of usable respon- 
dents was equally divided between teaching 
and private institutions, but when compared by 
region, the distribution was weighted more by 
private institutions in the West and more by 
teaching institutions in other regions (Table 1). 

The geographic distribution of the 45 usable 
hospitals was similar to the distribution of coro- 
nary bypass operations in America (see Table 1). 
The mean length of hospital stay for the 417 
patients was 16.4 days, which is nearly identical 
to that of the 26,100 coronary bypass patients 
studied by CPHA and IMS America, Ltd (16.6 
days). Of the 32 hospitals providing case load 
information, the survey was equally divided be- 
tween those institutions doing 20 or fewer oper- 
ations per month and those doing more than 20 
per month (see Fig 3). 

Although itis not known how well the sample 
of consecutive bills from each hospital repre- 
sented the total picture for those hospitals, the 
median length of stay for the sample size was 


Table 1. Geographic Distribution of Sample and of 
Cardiac Surgery in the United States 


Survey Material West Midwest East South 


No. of bills 42144 0/60 44156 
(private/teaching) 
Total bills 
(% of 417) 
Total hospitals 
(% of 45) 
% of 26,100 
coronary bypasses, 
USA, Jan-June, 
1976 
Private hospitals 
surveyed/responded 
Teaching hospitals 514 
surveyed/responded 


141/30 


171 (41%) 86 (21%) 60 (14%) 100 (24%) 


19 (42%) 10 (22%) 5(11%) 11 (24%) 


43% 21% 12% 24% 


19/15 113 12/0 12/4 


15/7 915 15/7 
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Table 2. Comparison of Samples with Total 
Hospital Populations 


No. of Total Patients Median LOS Median 
Billsin from Whom Computed from LOS 
Hospital Sample Samples Obtained Bills (Actual) 
1 10 112 11 12 
2 11 42 10 14 
3 10 497 11 14 
4 10 219 10 10 
5 10 29 15 17 
6 10 64 16 15 


LOS = length of stay. 


similar to that of the total population at each of 
the 6 hospitals so compared (Table 2). The fact 
that the survey was retrospective ensured that 
the survey itself did not engender cost-reducing 
efforts on the part of the participating institu- 
tions. 

The central tendency for bills and bill compo- 
nents is summarized in Table 3. Most of the 
variables were not normally distributed and had 
histograms skewed toward higher values. Using 
the quartile measure of skewness [1], the follow- 
ing skew values were calculated: total charge, + 
0.15; operating room, --0.02; anesthesia, +0.14; 
blood, +0.51; ICU/CCU, +0.32; and other, “less 
direct” charges, +0.27. 

Charge per day was inversely related to length 
of hospital stay (Fig 1). Figure 2 is a histogram 
for total charges. Figure 3 shows the lack of rela- 


Table 3. Central Tendency for Bill Categories 


tionship between the number of cases done per 
month versus the charge per case. Figure 4 
breaks down the mean open-heart surgery 
itemized bill into its component parts. 


Interpretation of Itemized Data 
(Cautionary Comments) 


Caution must be exercised in interpreting these 
data so that they are not misused. In accordance 
with copyright laws, the data should not be used 
without permission of the publisher and the 
authors. Regarding the central tendency of the 
various categories examined, certain features 
must be clarified. For example, if the mean of 
each bill’s average charge per day is multiplied 
by the mean length of stay ($600 per day x 16.4 
days = $9,840), the result is $930 more than the 
arithmetic mean total charge for the 386 bills for 
which charge per day is known ($8,905). But if 
another type of averaging process is used, ie, 
dividing the sum of the total charges for the 386 
bills ($3,457,185) by the sum of the days for each 
bill (6,363 days), a different average charge per 
day is obtained. This value ($543), when multi- 
plied by 16.4 days, gives the expected $8,905. 
Thus the discrepancy between the two differ- 
ently derived total charges, depending on the 
kind of averaging process used, points to a 
potential pitfall in the indiscriminate use of 
Table 3. 

Another problem exists with regard to choos- 


Sample Arith Geom Harmonic First Third 
Category Size Sum Mean Mean Mean Quartile Median Quartile 
OR and 394 591857 1502 1323 1128 1038 1440 1825 
% total 19% 16.5% 13.6% 12.1% 18.6% 24.7% 
Anesth and 345 55987 162 109 56 60 122 204 
% total 2% 1.3% 0.66% 0.75% 1.4% 2.7% 
Blood and 296 121455 410 264 155 145 288 528 
% total 5.1% 3.4% 2.02% 1.8% 3.6% 7.5% 
ICUICCU and 329 435987 1325 970 636 550 923 1650 
% total 13.9% 11.6% 9% 7.7% 12% 18.5% 
Less direct 242 1310029 5413 4705 4176 3305 4501 6597 
and less 60.2% 58.6% 56.7% 52.2% 60.9% 69.2% 
direct % of 
total 
oe per 388 232859 600 553 515 432 550 698 
ay 
Days 386 6337 16.4 14.6 12.8 11 14 19 
Total charge 417 3681559 8786 7966 7301 5914 7794 10315 


OR = operating room; ICU = intensive care unit; CCU = coronary care unit. 
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Median Charge / Day 
+ Ist and 3 rd Quartile 


15 20 
Length of Stay (days ) 


Fig 1. The inverse relationship between charge per 
day (X $1,000) and the length of hospital stay for 
itemized American bills. Patients staying shorter 
times usually had higher charges per day but lower 
total bills. 
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D = Third Quartile (10,315) 
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Fig 2. Histogram for total American itemized 
hospital charges. Each hospital charge was rounded 
off to the nearest $500. Note that 50% of actual 
charges fell between $5,914 and $10,315. 


o = Mean 
* = Median 


Total Hospital Charge (x $1,000) 
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Fig 3. The lack of relationship between charge per 
case and the institutional case load among American 
itemizing hospitals. These data disagree with the 
hunch decision that duplication of services is 
uneconomical. From the viewpoint of the bill payer, 
charge per case does not lessen just because a 
hospital handles large numbers of cases. 





yom Anesth, 1.6 % 


Fig 4. The itemized bill for open-heart surgery in 
America. These data are based on 242 bills in which 
no data for any bill category were missing. The 
mean charge for each category, expressed as a 
percentage of the total bill, is presented. 


ing the best measure of central tendency for each 
bill category. It is simply not possible to agree on 
the typicality of any one figure, because (1) all 
bill categories, except operating room charges, 
exhibit skewness to the right; (2) due to lack of 
uniformity in accounting, each category is de- 
pendent upon factors other than the mere 
number of items in the category; and (3) for both 
bill categories and total charges, the arithmetic 
mean is unduly weighted by relatively few high 
values. 

Furthermore, if one considers that no 2 hospi- 
tals used the same accounting system, and that 
the number of yearly cases differed among hos- 
pitals, no single measure of central tendency 
listed in Table 3 can describe the total charge that 
a typical patient should expect. Because our 
samples represent a frequency distribution of 
charges for open-heart surgery unweighted by 
case loads, we suspect that even the median 
charge may not be typical. Thus it is best to 
discard the image of a typical charge for open- 
heart operation in favor of the concept that the 
middle 50% of charges fell between $5,914 and 
$10,315. 


Other Data 

FEDERAL HOSPITALS IN THE UNITED STATES. 
Cost per case estimates from 19 federal hospitals 
were $4,531 + 2,088. This figure represents the 
mean and standard deviation of older estimates 
arrived at from 1972 to 1975 by great variety of 
less disease-specific accounting methods. In 
comparison, the only published information for 
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the same time period reveals a similar hospital 
charge per case for nonfederal American hospi- 
tals [8]. Of great interest is the fact that, exclud- 
ing valves and pacemakers, the actual acquisi- 
tion costs for disposable supplies and drugs 
used per operating room session at 1 federal 
hospital were $1,080.60 in 1974 and $1,278.54 in 
1976. 

FOREIGN HOSPITALS. Twenty-three foreign 
hospitals provided 46 itemized bills and 19 esti- 
mates. The mean total charges for 25 itemized 
foreign bills provided by 4 French hospitals was 
19,419 + 5,757 French francs. This sample is 
weighted toward the less expensive provincial 
hospitals (only a few bills were obtained from 2 
Parisian hospitals). As in the United States, 
economy of scale was not apparent in France: the 
1 hospital that treated more than 50 patients per 
month charged more (27,000 to 30,000 French 
francs) than 2 hospitals that treated fewer than 20 
cases per month (12,000 to 20,000 French francs). 
The mean total charge for 20 bills provided by 2 
Japanese hospitals was 2,532,631 + 1,869,776 
yen. The 1 English bill totaled £1,556. 

FOREIGN ESTIMATED costs. Estimates from 
five countries in South America varied from 
$2,000 to $3,000 (if social security paid the hospi- 
tal bill) to a usual bill of $4,000 to $7,000 if private 
insurance or individual payment was used. 
European estimates per case were: England, 
£1,600 to 3,500; Germany, 12,630 Deutsche 
marks; Holland, 20,000 guilder; Sweden, 8,000 
to 10,000 kroner; and Portugal, $1,500. Eight 
Canadian estimates varied from $1,980 to $4,840, 
and one Australian estimate was $5,250. 

Taking all itemized and estimated foreign 
bills, the hospital cost per case was $5,670 + 
2,145 (mean + standard deviation). As these cost 
estimates were usually not disease specific— 
that is, cardiac surgery patients were usually 
cost-accounted at the same daily rate as any 
other patient—most foreign respondents care- 
fully pointed out that the true cost per case could 
not be known. 

MANUFACTURERS. The two manufacturers of 
disposable open-heart surgery equipment stated 
that true equipment costs for foreign hospitals 
averaged 10 to 300% more than in America. This 
nonuniformity in raw material costs was attrib- 
uted to shipping and handling charges plus 
other problems relating to middlemen, infla- 


tion, warehousing costs, and currency instabil- 
ity. Marketing surveys from one manufacturer 
indicate that outside America, 630 hospitals did 
83,280 open heart operations in 1975 (compared 
to 90,000 operations in 530 hospitals in the 
United States). In 1976 the number of foreign 
hospitals doing heart surgery increased to 700, 
but the total case load increased only 3%, to 
85,480 cases. In America, in contrast, the num- 
ber of hospitals declined slightly to 526 while 
the case load increased 14%, to 105,000 in 1976. 

CPHA AND IMS AMERICA, LTD. From January 
to June, 1976, 26,100 coronary bypasses were 
performed as primary procedures in short-term 
nonfederal general hospitals in the United 
States. The mean duration of stay was 16.6 days 
and the total mortality rate was 5%. The geo- 
graphical distribution of the 26,100 patients is 
given in Table 1. The analysis, interpretation, 
and conclusions drawn from these data are 
solely those of the authors (CPHA and IMS 
America, Ltd, specifically disclaim responsibil- 
ity for any such analysis, interpretation, or con- 
clusion). 


Comment 


While economic theory has long distinguished 
the real cost of any activity from the amount 
actually paid, the application of this theory has 
generally lagged behind its conceptual de- 
velopment. The present charge analysis is no 
exception. For example, in preparing this report 
we merely examined individual patient bills 
generated by a sample of hospitals. The evalua- 
tion of patient bills as indicators of real costs 
calls for a study of hospital accounting systems, 
a subject that remains locked within a black box. 
At least two types of uncertainty about the use of 
bills as cost information are suggested: (1) struc- 
tural uncertainty about the individual account- 
ing systems—the actual flow diagrams repre- 
senting the interchange of energy, goods, and 
information at each hospital—remain unknown; 
and (2) metrical uncertainty about the charge/ 
cost ratios for each of the measurements ob- 
tained. 

Concerning structural uncertainty, for exam- 
ple, a major problem was how to compare bill 
categories. That is, when charges were par- 
titioned into several categories (such as operat- 
ing room or blood), the hospital’s definition of 
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that category was used. But not all itemizing 
hospitals included the same types of charges 
under the same category: eg, charges for 
perioperative hemodynamic monitoring, graft 
flow measurement, or use of heart-lung machine 
may or may not have been included in the 
operating room charge. 

Moreover, regarding the metrical uncertainty 
of how to relate charges with costs, private pa- 
tients seem to have been undercharged for cer- 
tain items and overcharged for others. For 
example, one federal hospital in the United 
States estimated the acquisition costs of operat- 
ing room supplies and drugs at $1,278.54 
(excluding valves and pacemakers). This figure 
is remarkably similar to the nonfederal United 
States median charge for operating room and 
anesthesia supplies ($1,562). As the federal es- 
timates did not include warehousing, transpor- 
tation, inflation, disposal, and labor costs, pri- 
vate patients were possibly being undercharged 
for these bill categories. For other bill categories, 
however, this may not be the case, as 60% of the 
cardiac surgery bill is made up of such items as 
laboratorv, roentgenography, and pharmaceuti- 
cal fees that carry high charge/cost ratios. Thus 
because of the high charge/cost nature of much 
of the bill, individual surgeons probably can do 
little to reduce charge per case. 

For example, since beginning this study we 
have been able to reduce our own hospital 
charges only 16% by (1) minimizing the number 
of “routine” preoperative and postoperative or- 
ders; (2) constantly communicating with the 
business office regarding charging policy; (3) 
accordingly weighing alternative forms of ther- 
apy; and (4) having a monthly interdepartmental 
meeting to discuss patient management and elim- 
ination of double charges. In a separate study 
performed earlier on 82 coronary bypass patients, 
we were able to reduce mean hospital stay 
by 1.8 days (p < 0.01) in those who had routine 
intraoperative bronchoscopy as opposed to 
those who did not. The mechanism for this re- 
duction in hospital stay was presumably the de- 
creased pulmonary morbidity, as Pao, on 100% 
oxygen was 50 mm Hg higher (p < 0.01) and the 
number of independently quantitated atelec- 
tatic subsegments on chest roentgenograms 
was 50% less in the group that had bronchos- 


copy (p < 0.01). Our mean length of stay (10 
days) and coronary bypass mortality rate (2%) 
continue to be below the national average de- 
spite the fact that we perform only 75 to 100 
operations per year. 

This discussion, while not exhausting the 
methods by which cost control can be achieved, 
is meant to direct attention away from the as- 
sumption that the high-volume, assembly line 
approach to cardiac surgery results in greater 
economy. In fact, the data indicate that case load 
does not influence charge per case (see Fig 3). 

Another hunch decision that needs reassess- 
ing is the assumption that the hospital with the 
lowest charge per day is the most efficient. Fig- 
ure 1 serves to moderate this notion. Generally, 
charge per day decreased as the number of hos- 
pital days increased. For example, patients such 
as our own who stayed a mean of 10 days had 
higher charges per day than those patients who 
stayed 16 days. One foreign hospital not shown 
in Figure 1 had a high total mean charge ($9,618 
+ 1,966) but a low charge per day ($125 + 6) 
because the average length of stay was long. 
Similarly, in 1968 the average American hospital 
charge per heart transplant was more than twice 
the current average charge per case for a bypass 
or valve operation ($18,694 versus $8,756). Yet 
for transplantation the average daily charge per 
case was $288 [1]—less than half of the mean 
charge per day for a valve or bypass operation 
today. 

A third hunch decision used by some authors 
is to project a small sample of local cost figures so 
as to obtain a global estimate of the cost of heart 
surgery. For example, Roche and Stengle [7] 
projected a national open-heart surgery cost of 
249 million dollars in 1971 by multiplying the 
charges for an “average” case at 1 institution 
times 38,322, the estimated case load for that 
year. Obviously the data presented in this report 
argue against any such facile approach. Such an 
oversimplification of “the typical charge” can 
only be made by grossly distorting reality. In- 
stead of reshaping reality to a simplified image, 
it is probably better to reshape how we see real- 
ity, ie, by replacing the concept of a typical 
charge by a histogram of charges that expresses 
central tendency as a range of values. 

Thus we can conclude, first, that a great varia- 
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tion in hospital charges for cardiac surgery 
exists. While 50% of itemized charges varied 
between $5,914 and $10,315, estimates from 
nonitemizing hospitals were lower but lacked 
accuracy because of the nonspecific nature of 
their accounting systems. Second, certain hunch 
decisions regarding medical economics need to 
be reexamined because: (1) greater economy 
does not occur just because an institution han- 
dles a large number of patients; (2) greater hospi- 
tal efficiency probably results in a higher, rather 
than the assumed lower, charge per day; and (3) 
the national cost of heart surgery cannot be es- 
timated because, even if the total number of 
open-heart operations per year is known, the 
cost of a typical open heart case cannot be calcu- 
lated. Finally, regarding the cost/benefit ratio, 
because neither numerator nor denominator 
can yet be quantitated, an objective cost/benefit 
analysis of cardiac surgery cannot be performed 
at the present time. 
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Discussion 

DR. LYMAN A. BREWER (San Francisco, CA): Excessive 
medical costs can strain a national economy, as Dr. 
Eoin O'Malley pointed out last year. Standardized 
accounting systems must be instituted to assess costs 


accurately. It is a paradox contrary to the experience of 
industry that a greater number of operations per- 
formed does not result in savings. Excessive adminis- 
tration costs and hiding of expenditures may be one 
explanation. 

Doctors can help in keeping costs down by: (1) 
performing more outpatient studies; (2) reducing pa- 
tient hospital days; (3) minimizing tests; and (4) 
showing restraint in fee assessment (use of Relative 
Value Studies codes). 

Studies such as Dr. Marty’s should be taken over 
and amplified by a committee or council of both 
thoracic societies. One thing is certain: if we don’t do 
this the government will, and we will be faced with 
impossible rules or a total government takeover. 


DR. JOSEPH S. CAREY (Santa Monica, CA): It is impor- 
tant to define the hospital population being studied. 
Likewise, it is very important to consider the alterna- 
tive methods of therapy when analyzing costs and 
benefits. 

We compared two series of patients who were oper- 
ated on over a five-year period; all patients were fol- 
lowed for an average of three years. One group was 
operated on at the Wadsworth Veterans Administra- 
tion Hospital, and the other in a community hospital. 
Both groups were more or less equally distributed 
between good, fair, and poor ventricular function, 
with a total of about 140 in each group. Interestingly, 
there was a marked difference in age between these 
two series of patients. There were many more 
younger patients in the VA group and considerably 
more older patients in the community hospital group, 
especially in the 61 to 70 year range, suggesting the 
influence of Medicare on where members of this age 
group seek medical care. This difference is statisti- 
cally significant. 

The follow-up results are the same. The operative 
morbidity and mortality are very low in these two 
series because there were no “combined” operations 
and no reoperations. The same number of late deaths 
occurred, but there was a statistically significant dif- 
ference in clinical results. Seventy-two percent im- 
proved noticeably in the VA group, 84% in the com- 
munity hospital group. 

The employment status reveals similar findings. 
The VA patients don’t seem to want to return to 
work-—53% were unable to work. The unemployment 
rate was lower than the national average; only 3% 
could not find ajob. Twenty-eight percent were work- 
ing. In the community hospital group only 13% were 
unable to work and 54% were working. 

In summarizing the theoretical cost/benefit analy- 
sis in these two surgical groups and comparing it toa 
theoretical medical group, we see that the VA patients 
spent at least 50% more time in the hospital compared 
with the community hospital patients and required 
more hospital readmissions after discharge. The 
physician and medication bills would probably be 
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higher in the medical group, which may be calculated 
on the basis of the number of hospital days that might 
be required for acute myocardial infarctions. Of 
course, these comparisons also demonstrate the 
well-known statistics showing that the myocardial 
infarction rate and the death rate (theoretically, at 
least) are higher in the medical group. 

In summary, it seems clear that the patients oper- 
ated on in the community hospital compare quite 
favorably with the medical group when analyzed in 
terms of cost/benefit statistics using hospital days 
and potential postoperative costs as the yardstick. 


DR. HOOSHANG BOLOOKI (Miami, FL): I support Dr. 
Marty’s thesis, and I would like to present 2 examples 
of fundamental cost problems. 

One patient who had no insurance paid all his bills 
himself. He had an ascending and descending tho- 
racic aorta aneurysm and underwent arch resec- 
tion, then returned to the operating room that eve- 
ning because of bleeding. He received about 7 units of 
blood and was in the ICU for four days. He was 
discharged from the hospital in twelve days. His total 
hospital bill was approximately $17,000, for a per 
diem charge of about $1,500. 

To better understand the problem consider these 
costs. The $2,800 for drugs included thrombin, used in 
the operating room, for a cost of about $600, and 
nitroprusside, which he required for two days, for 
about $700. Supplies cost $3,000, and there were many 
mistakes on this. There was a charge for endotracheal 
suction catheters. A box of 24 was opened twice, and 
the entire box was charged to the patient while only 1 
was used each time. Also; there was a charge for a 
hypothermia blanket, which the patient needed for 
two hours, but the blanket stayed under him for four 
days, and he was charged for it each day! The charge 
for oxygen is for respiratory care postoperatively. He 
needed it for two days, but he was charged for seven 
days. 

We audited this bill and we asked why there were 
so many charges. The auditors found an excess of 
$3,800 charged to the patient for services that could 
not be documented. Also, there was about $1,200 in 
chatges for services the patient apparently received 
but which were not ordered bv the doctor. 

It is the doctor, the hospital, the resident, and the 
patient’s disease which all together make up hospital 
costs, and we have tried to lessen them. In contrast to 
the first patient, a second patient had triple coronary 
bypass grafting recently and went home in ten days. 
His hospital cost was about $6,000; our average hospi- 
tal cost for coronary bypass is about $8,000. Therefore, 
in this case we cut the cost by about 25%. We did this 
by careful monitoring of all doctors’ orders, and only 
the necessary laboratory tests and roentgenograms 
were done. Finally, I have never understood why 
miscellaneous charges are higher than everything else 
when it seems all possible charges are itemized. 


DR. CARLOS G. DURAN (Santander, Spain): I congratu- 
late Dr. Marty for attempting such a difficult task. Dr. 
Marty wrote to me some months ago asking for figures 
on costs in Spain, which unfortunately, I couldn’t give 
him because Spain has a National Health System that 
covers 90% of the population and practically 100% of 
open-heart surgery. Our budget is a block budget for 
the whole hospital. Therefore, the money given for 
cardiac surgery depends on a doctor's ability to get “a 
piece of the cake.” It is not connected at all with 
efficiency, number of patients, or any other factor, as 
far as I can see—and I’m pretty good at getting a good 
piece of the cake. 

This system is extremely dangerous and can be 
misused very easily. Also, as a warning to my col- 
leagues in this country: unless you can think of a very 
good, sensible, and honest system as an alternative to 
the one you have now, you will have the one I have, 
one which I don’t like. 


DR. MARTY: As Dr. Brewer has pointed out, we must 
emphasize the ground-breaking nature of this sur- 
vey. No one can yet agree on the true cost per patient. 
Dr. Carey’s data, however, tend to corroborate our 
finding that the economy-of-scale concept may not 
apply to cardiac surgery. His comparison of length of 
stay and readmission rates at a large teaching hospital 
with a smaller private hospital shows that dis- 
economy of scale may occur. His surgical results, as 
well as our own, suggest that low-risk, economical 
cardiac operations can be achieved despite case loads 
as low as 50 to 100 per year. 

Like Dr. Bolooki, we also found that hospital 
charges can be lowered a mean of 16% by cost- 
conscious individualization of doctors’ orders. 

In response to Dr, Duran’s warning about the dan- 
gers of centrally planned cardiac surgery, the follow- 
ing advantages of the present American itemizing 
accounting policy should be noted. Because cardiac 
surgical patients subsidize a large portion of hospital 
overhead, the stress of rising hospital costs can be 
more easily met by simply increasing charges. This 
charging flexibility, plus the multicentric decision- 
making capability, can result in the unrestricted 
growth of cardiac surgery proportional to the needs of 
the patient population. Thus cardiac surgical waiting 
lists can be kept toa minimum, because cardiac surgi- 
cal patients do not have to compete with other pa- 
tients for a piece of the centrally planned budgetary 
ceiling. 

In support of these concepts, marketing research 
figures show that the American cardiac surgical case 
load grew 14% last year compared with only a 3% 
growth rate elsewhere. Thus, despite the disadvan- 
tages of accounting nonuniformity and hospital over- 
head subsidy, the multicentric approach that employs 
itemized billing may still be preferable, from the pa- 
tient’s viewpoint, to centrally planned delivery of 
cardiac surgical care. 
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Introducing the 
Datascope System 42. 
The first system 
specifically designed for 
pulsatile assist. 






Not very long ago, we introduced the world’s first clinical 
device to produce pulsation and counterpulsation from the 
output of the roller pump without the need of an intra-aortic 
balloon or any additional surgery.’ We called the device the 
Datascope PAD. 


Since the PAD* was introduced, its clinical use has grown 
rapidly. So much so that we have now created a system 
specifically designed to power it: the Datascope System 42. 

The System 42 is compact, measuring only 17x 16x30 
inches. It fits right next to your heart-lung machine. And it is 
intended for operation by the perfusionist. You don’t need an 
additional person in the Operating Room to run it. 

The System 42 is simple to operate. And we’re happy to 
say it is substantially less expensive to purchase than a 
balloon pump. 

Up until now, you needed a Datascope balloon pump to 
take advantage of the Datascope PAD. With System 42, you 
can get all the clinical benefits of PAD**“ without a balloon 
pump. Or if you already own a Datascope balloon pump, 
you'll find that System 42 allows you to do pulsatile assist more 
economically and efficiently. 

For more information or a demonstration of the new 
Datascope System 42, write or call: Datascope Corp., Box 5G, 
Paramus, N.J. 07652, Tel. (201) 265-8800. Datascope B. V., 
Kyftenbeltlaan 6, | 
Hoevelaken, Holland 
Tel. 03495-4514. 


Datascope 
System 42. 





CLINICAL REFERENCES 1. Bregman, D., et al: “Counterpulsation with a new pulsé AD) 
open-heart e gery." Medical Instru ation10:2 32, 1976 2. ‘Bream van pis "N al Support of the 
Failing Heart.” In Ravitch, M.M. (ed nt Probier ms in Surgery, Chic 1¢ <Il No. 12, pg. 63 
F pi eaman, D., et al; “A pulsat ile ass it de levice (PAD) for use during c ardo pulmonary bypass." Annals 

c Surgery, Dec., 1977. 4 Bre əagman, D., et al: "An improved method of myocardial protection witt 
apu on ¢ du uring cardic opulmo hes jpass,” Circulation 56:157 (Suppl i T 7. 
*Patent Pe nding. 























aman sents rnc SO ee A ee “cine ST papa NES ‘eee RIE rae “RT mee EN ree e. 


E 








Gathered here 


for coronary ar- 2 Tm = i Va 
terial surgery are: ( SS 
The Codman' 


family of five extra-delicate ee coronary 
scissors, including the circumflex; the gen- 
tlest of bulldogs in two lengths, and these 
other key instruments — Garrett dilators, 
heparin-tip needles, a delicate gemini clamp, 
and DeBakey-Diethrich forceps. 
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IMPROVED MODEL A-4000“ 


Pleur-evac 


CHEST DRAINAGE UNIT 


ALL IMMEDIATE INSTRUCTIONS FOR SETUP 
AND OPERATING ARE NOW PRINTED DI- 
RECTLY ON FLAT FACE OF UNIT. 


ONLY FUNCTIONAL AREAS ARE VISIBLE, 
PERMITTING QUICKER VISUAL CHECK OF 
CRITICAL FLUID LEVELS. 
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“fail-safe” baffled construction located above 
the high negativity float valve. 


If excessively high negativity is induced 
and sustained (through “milking” of tube 
with no relief), the pooling of water above 
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water needed to maintain the water-seal. 


For a demonstration at your 
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Queens Village, New York 11429 
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If excessively high 
negativity on inspira- 
tion causes the water 
to spurt up and the 
float valve cannot close 
completely, the rising 
jet strikes the baffle 
The water then flows 
back down into the 
Water-seal Chamber, 
maintaining the water- 
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Echocardiographic Diagnosis 


of Congenital Heart Disease 


By Roberta G. Williams, M.D., Harvard 
Medical School, Boston, and Charles R. 
Tucker, M.D., The University of Rochester 
School of Medicine and Dentistry, 
Rochester, New York 


This comprehensive, lucidly written 
introduction to pediatric 
echocardiography is an invaluable 
reference for all cardiovascular surgeons 
who treat pediatric patients. In it, the 
authors clearly describe the techniques 
required to make specific diagnoses 
and the clinical situations in which 
echocardiography can be used. 
Equally important, they explain how 
to judge the reliability of 
echocardiographic findings in light 
of possible artifact or normal 
anatomic variation. 


352 pages. Illustrated with 
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Valve Replacement in Patients Over 70 Years 


Luis N. Bessone, M.D., Dennis F. Pupello, M.D., Richard H. Blank, M.D., 
Eric E. Harrison, M.D., and Sheldon Sbar, M.D. 


ABSTRACT From July, 1972, to April, 1976, 54 con- 
secutive patients over the age of 70 years underwent 
valve replacement at Tampa General Hospital. 
Twenty-one patients had isolated aortic valve re- 
placement (Group 1), 14 had isolated mitral valve 
replacement (Group 2), and 19 had combined proce- 
dures that included at least 1 valve replacement 
(Group 3). 

There was 1 operative death (in Group 1), and 
another patient (Group 3) died three weeks post- 
operatively, resulting in an early mortality of 3.7%. 
Follow-up of the 52 hospital survivors from one to 
forty-one months reveals 2 additional deaths for a late 
mortality of 3.8%. Cardiac status improved notice- 
ably in the surviving 50 patients. The data suggests 
that with current techniques, complex intracardiac 
procedures can be performed safely with acceptable 
operative mortality and a satisfactory prognostic out- 
look in elderly patients. 


Refinement in techniques for open-heart opera- 
tions and prosthetic devices, coupled with more 
substantial evidence of the deleterious effect of 
malfunctioning valves upon the myocardium [9, 
10, 12, 14, 17], has led to a more aggressive 
surgical approach. This same enthusiasm, how- 
ever, has not been applied in the older age group 
because of the added risks of age and associated 
diseases [11]. Reasonable operative mortality 
and morbidity for elderly patients have been 
documented [1, 3, 4, 6, 15, 21]. Some of these 
reports [2, 19], however, include patients who 
received isolated myocardial revascularization, 
which tend to minimize mortality. 


From the Cardiac Surgical Unit and Cardiology Center, 
Tampa General Hospital, and the Department of Thoracic 
and Cardiovascular Surgery, University of South Florida 
College of Medicine, Tampa, FL. 


We wish to express our appreciation to Mr. Leonard Taylor 
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Presented at the Twenty-third Annual Meeting of the South- 
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If comparable results for patients in the older 
age group can be consistently achieved, the in- 
dications for surgical intervention in these pa- 
tients could be similar to those for the younger 
age group. With this consideration, we re- 
viewed our valve experience in patients over the 
age of 70. 


Materials and Methods 

From July, 1972, to April, 1976, 379 valves were 
implanted in 339 patients in the Cardiac Surgical 
Unit at Tampa General Hospital. Fifty-four of 
these patients were 70 years of age or older. 
There were 22 men and 32 women whose ages 
ranged between 70 and 82 years (mean, 73.3 
years). Preoperative hospitalization ranged from 
1 to 32 days (mean, 5.9 days); the mean post- 
operative hospitalization was 17.5 days (range, 
10 to 55 days). 

Preoperative cardiac catheterization, includ- 
ing coronary arteriograms, was completed in all 
but those patients who experienced decompen- 
sation during the catheterization procedure. 
Nineteen patients (35.2%) were in New York 
Heart Association (NYHA) Functional Class III; 
35 patients (64.8%) were in Class IV. 


Operative Technique 


The operative technique has been described 
previously [18]. Briefly, it consisted of a 
standard midsternal approach, routine atrial 
and aortic cannulation, and cardiopulmonary 
bypass with relatively low flow rates of 35 to 50 
ml per kilogram of body weight, in combina- 
tion with moderate systemic hypothermia. Dis- 
posable bubble oxygenators primed with 500 
ml of heparinized whole blood and 1,000 ml of 
Ringer’s lactate solution were used. The pericar- 
dium was suspended from the chest wall in 
order to create a well for continuous infusion of 
cold saline at 4° to 5°C for myocardial protection. 
Intracavitary flushing with additional cold 
tion further reduced the time nee 
maximum cooling [18]. 
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Surgical Data 


There were 47 elective and 7 emergency opera- 
tions. The mean pump time was 93 minutes 
(range, 52 to 182 minutes). The cross-clamp time 
was 49 minutes (range, 15 to 86 minutes). The 
lowest esophageal temperature reached during 
the pump run ranged between 22° and 32°C 
(mean, 28°C). Enlargement of the aortic annulus 
[5] was necessary in 5 patients; 3 additional pa- 
tients required patch enlargement of the ascend- 
ing aorta. 

The patients were classified into three groups 
according to the surgical procedure (Table 1). 

GRouP 1. Twenty-one patients (8 men and 13 
women) with an average age of 73 years under- 
went isolated aortic valve replacement. Eleven 
were in NYHA Functional Class III; 10 were in 
Class IV. Of 13 patients with pure aortic 
stenosis, 1 had associated idiopathic hyper- 
trophic subaortic stenosis (HSS). Four patients 
had aortic insufficiency and 4 had mixed lesions. 
Among the 17 patients with pure or mixed aortic 
stenosis, the average peak systolic gradient was 
104 mm Hg (range, 65 to 210 mm Hg). The high- 
est combined gradient was found in the patient 
with IHSS. 

Group 2. Fourteen patients (2 men and 12 
women) with an average age of 73.4 years under- 
went isolated valve replacement. Four patients 
were in NYHA Class III; 10 were in Class IV. Ten 
patients (71.4%) had predominant or pure mi- 
tral insufficiency; 4 had mitral stenosis. The rest- 
ing systolic pulmonary artery pressure was ele- 
vated in all instances, with a mean of 69.7 mm 
Hg. The mean pulmonary artery capillary wedge 
pressure at rest was 25.0 mm Hg and the average 
cardiac index by the Fick method was 2.10 


Table 1. Distribution of Patients According to 
Surgical Procedures 


i 


No. of 

Group Patients 
ae ne 
1 (isolated aortic valve 21 

replacement) 
2 (isolated mitral valve 14 

replacement) 
3 (combined procedures including 19 

valve replacement) 

Total 54 


a 


Limin/m?. Three patients (21.4%) had had 
previous commissurotomies. 

GROUP 3. Nineteen patients (12 men and 7 
women) with an average age of 73.3 years under- 
went combined procedures (Table 2). Four pa- 
tients were in NYHA Class III; 15 were in Class 
IV. The mean cardiac index (Fick) for the 14 
patients in which this was recorded was 2.3 
Limin/m’. 


Results 

Early Mortality 

One patient (Group 1) with aortic stenosis, 
Functional Class IV, died during reexploration 
for bleeding. One patient (Group 3) who had 
mitral valve replacement and excision of a poste- 
rior left ventricular aneurysm died on the 
twenty-second postoperative day. Preopera- 
tively this patient was Class IV and was bedrid- 
den with intractable failure secondary to poor 
left ventricular function. His postoperative 
course was complicated by refractory congestive 
heart failure, and he died suddenly. The overall 
hospital mortality was 3.7%. There were no 
hospital deaths among patients who underwent 
emergency operations or who required annulus 


Table 2. Description of Group 3 (Combined 
Procedures) 





No. of 
Procedures Patients 
AVR + single 4 
aortocoronary bypass 
AVR + double 5 
aortocoronary bypass 
MVR + single 2 
aortocoronary bypass 
MVR + double 1 
aortocoronary bypass 
MVR + excision 1 
of LV aneurysm 
AVR + repair 1 
of mitral valve 
Double valve replacement 4 
(mitral and aortic) 
Double valve replacement 1 
(mitral and aortic) + 
single aortocoronary bypass 
Total 19 


i 


AVR = aortic valve replacement; MVR = mitral valve re- 
placement; LV = left ventricular. 
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enlargement or patch enlargement of the ascend- 
ing aorta. 


Hospital Complications 


Thirty-one patients (57.4%) had postoperative 
complications while hospitalized (Table 3). Ar- 
thythmias were the most frequent complication. 
Two patients who showed preoperative evi- 
dence of atrioventricular conduction defect re- 
quired permanent pacemaker insertion in the 
early postoperative period. 

Low cardiac output developed in 7 patients 
(13%) and was more prevalent in those who 
underwent mitral valve replacement. Cross- 
clamp time in these patients was no longer than 
the mean cross-clamp time for the entire group. 
Their management included increase of the pre- 
load, inotropic drugs, and occasional use of ni- 
troprusside to reduce the afterload [13]. 

Five patients (9.3%) required reexploration 
for bleeding, and 3 needed prolonged ventila- 
tory support (72 hours or longer). One patient 
had postoperative gastrointestinal bleeding, and 
1 had postoperative perforation of a duodenal 
ulcer, which required an emergency lapa- 
rotomy. Both patients survived. 


Long-Term Follow-up 

The 52 hospital survivors were followed from 
1 to 41 months (mean, 12.6, patient-months). 
Follow-up data were secured through office 
visits, a patient questionnaire, or through direct 
contact with the referring physician. 


Late Complications 

Long-term follow-up of the 52 hospital survivors 
revealed two types of major complications. Four 
patients had cerebrovascular accidents. Two 
were in Group 2 and had received isolated mitral 
valve replacement, 1 with a Bjérk-Shiley pros- 
thesis and 1 with a porcine heterograft pros- 
thesis, respectively. Both patients recovered 
with only partial sequelae. Two patients in 
Group 3 suffered cerebrovascular accidents. 
One had aortic valve replacement with a porcine 
heterograft as well as debridement and commis- 
surotomy of the mitral valve. Her CVA occurred 
only two weeks after discharge, and the pro- 
thrombin time was excessively prolonged. She 
recovered in a few days with no sequelae. The 
second patient had undergone aortic valve re- 
placement with a Bjérk-Shiley prosthesis plus a 
double aortocoronary saphenous vein bypass 
graft. He developed hemiplegia and recovered 
with some residuum. 

Congestive heart failure was present in 2 pa- 
tients, who required rehospitalization and ag- 
gressive diuresis. One patient was in Group 1 
and had a preoperative diagnosis of aortic insuf- 
ficiency with a massively enlarged left ventricle. 
His postoperative course had been marred by 
supraventricular tachyarrhythmias. Following 
hospital treatment he was discharged and later 
improved to Class II. The second patient was in 
Group 3 and had aortic valve replacement plus a 
single aortocoronary bypass. At the completion 
of the study this patient remained in Class III. 


Table 3. Hospital Complications Among 54 Patients Undergoing Valve Replacement 


St. 


Complications No. of Patients Died 

None 23 (42.6%) 0 

Arrhythmias 10 (18.5%) 0 

Need for permanent pacemaker 2 (3.7%) 0 

Low output 7 (13.0%) 1 (22 days postop) 
Bleeding requiring reexploration 5 (9.3%) 1 (at operation) 
Respiratory insufficiency 3 (5.6%) 0 

Temporary mental confusion 2 (3.7%) 0 

GI bleeding 1 (1.8%) 0 

Perforated duodenal ulcer 1 (1.8%) 0 


Total 54 


(100%) 


Se 


GI = gastrointestinal. 
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Late Mortality 


There were 2 additional deaths (3.8%) among 
the 52 patients who left the hospital. One patient 
(Group 3) who had aortic valve replacement 
with a heterograft and double aortocoronary 
bypass died 2 months after discharge with a 
clinical diagnosis of arrhythmia. He had been 
taking quinidine and was readmitted to a local 
hospital when he developed apnea. He soon 
recovered and was ambulatory when he de- 
veloped syncope and cardiac standstill. The sec- 
ond patient (Group 1) had aortic stenosis. She 
died at home 21 months after her aortic valve 
had been replaced with a Bjérk-Shiley pros- 
thesis. Until then this patient had been stable 
(Class II) but had shown increased symptoms of 
cerebral arteriosclerosis. The total mortality (Ta- 
ble 4) at the end of the study was 7.4% (4 of 54 
patients). 


Postoperative Cardiac Status 


Fifty-one of the 52 hospital survivors have im- 
proved their cardiac functional classification. 
One patient has remained in the same class as 
preoperatively. Of the 33 patients in Class IV 
prior to operation, 16 (48.4%) improved to 
Class I, 14 (42.4%) to Class II, and 3 (9.0%) to 
Class III. 

A comparable result was observed in 19 pa- 
tients in Class III preoperatively. Twelve of these 
patients (63.1%) reached Class I and 6 (31.5%) 
advanced to Class Il. Only 1 patient (5.2%) re- 
mained in the same class (Figure). 

Group 1 patients (aortic valve replacement) 
showed the most dramatic improvement, fol- 
lowed by Group 2 (isolated mitral valve re- 
placement). The only patient in the series who 
failed to improve his preoperative classification 
was in Group 3 (combined procedures), which, 


Table 4. Total Mortality for 54 Patients 
Undergoing Valve Replacement 


a 


No. of Early Late Overall 
Group Patients Deaths Deaths Mortality 
1 21 1 (4.7%) 1 (5%) 2 (10.5%) 
2 14 0 (0%) 0 (0%) 0 (0%) 
3 19 1 (5.2%) 1 (5.5%) 2 (10.5%) 
Total 54 2 (3.7%) 2 (3.8%) 4 (7.4%) 


PRE OP 


L 


POST OP 


G a 
A ' 


IV Vv 
33 


% 


Preoperative and postoperative cardiac status 
of 52 hospital survivors. 


as a group, also showed proportionately more 
single class improvement. 


Comment 


Because of the anticipated risks, cardiologists 
and cardiac surgeons alike are reluctant to con- 
sider valve operations in patients older than 65 
years. Therefore, there is a proportional increase 
in the number of patients who must be operated 
on while they are in Functional Class IV and in 
their eighth decade. The 1958 Commissioner's 
Standard Ordinary Mortality Table gives a life 
expectancy of 10.2 years for a man aged 70 years 
and 11.73 years for a woman of the same age. 
These figures continue to increase in the elderly 
as in the middle age group [7]. 

Patients with symptomatic aortic stenosis 
have a very poor prognostic outlook [20]. Mitral 
stenosis has a less predictable natural history 
[22], but for patients in Class IV the complica- 
tions and mortality climb noticeably unless the 
process is interrupted by operation [16]. Regur- 
gitant lesions are particularly dangerous be- 
cause they are well tolerated at the expense of 
myocardial damage (8, 12]. 

The data in the present study reveal an opera- 
tive mortality comparable with that in younger 
age groups [9, 10, 14, 17] and much lower than 
has previously been reported [1-4, 6, 15, 19, 21]. 
The need for coronary perfusion [4] has not been 
substantiated in our experience. Our belief is 
that local deep hypothermia has greatly im- 
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proved the perioperative mortality by protect- 
ing the myocardium and minimizing the period 
of aortic cross-clamping, as evidenced by the 
average cross-clamp time of 49 minutes for the 
entire series. 

The presence of associated cardiac lesions 
should not be a deterrent to total correction, 
whereas extremely poor left ventricular function 
must be carefully weighed before patients are 
accepted for operation. Emergency operations 
in this series did not seem to increase the hospi- 
tal mortality, as previously reported [19], and 
the application of aortic annulus enlargement 
technique, as well as patch enlargement of the 
ascending aorta, have not been followed by in- 
creased morbidity. The somewhat high percent- 
age of hospital complications is to be expected in 
elderly patients who have advanced disease. 
The key to success lies in very close postopera- 
tive management—anticipating, rather than 
reacting to, the usual complications. 

Patients who exhibit conduction defects 
preoperatively should be considered for 
prophylactic implantation of myocardial elec- 
trodes. In addition, our policy has been to 
routinely insert this type of electrode in those 
patients undergoing tricuspid valve replace- 
ment, because they become unsuitable for per- 
venous pacemakers. Although no patient in this 
series has required renal dialysis, we have 
elected to insert arteriovenous loops routinely 
at the time of operation in those patients who are 
referred with extreme oliguria. 

The only operative death was due to technical 
problems, and this can be improved. With re- 
gard to late complications, at least 1 of the 4 
cerebrovascular accidents probably was due to a 
complication of anticoagulant therapy. This 
problem will be lessened in the future as more 
biological valves are used. 

The follow-up on the patients in this study, 
although very promising, is obviously too short 
to allow for any firm conclusions with regard to 
long-term survival; however, the symptomatic 
improvement and quality of life have clearly 
been affected by operation. 
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Successful Course After Supraarterial 
Myotomy for Myocardial Bridging and Milking 
Effect of the Left Anterior Descending Artery 


Pierre Grondin, M.D., Martial G. Bourassa, M.D., Jacques Noble, M.D., 
Robert Petitclerc, M.D., and Ihor Dydra, M.D. 


ABSTRACT We report 3 patients having a grade III 
milking effect of the proximal left anterior descend- 
ing artery (LAD) and suffering from angina. Pre- 
operative myocardial ischemia was demonstrated by 
stress ECG in all 3 and by pacing and lactates studies 
in 2. Surgical decompression of the systolically con- 
stricted artery has resulted in disappearance of an- 
gina, milking, and ischemia. 

Severe milking of the LAD isa rare entity, probably 
congenital in origin, capable of producing myocar- 
dial ischemia and possibly causing sudden death. 
More studies regarding its etiology and patho- 
physiology are necessary. Biopsy of the myocardium 
surrounding the artery could be useful. 


Sclerotic lesions of the coronary arteries are by 
far the most frequent anatomical substratum of 
ischemic heart disease. Over the years, how- 
ever, because of the availability of more sophis- 
ticated diagnostic methods, other organic or 
functional conditions have proved capable of 
producing myocardial ischemia, such as pro- 
longed coronary artery spasms, hypertrophic 
cardiomyopathy, congenital anomalies, and 
atrioventricular fistulas of the coronary arteries. 
More recently, we have reported that myocardial 
bridging with a milking effect on the proximal 
third of the left anterior descending artery (LAD) 
could represent a new type of ischemic heart 
disease [5]. 

In a group of 5,250 patients who underwent 
coronary arteriography over a five-year period 
at the Montreal Heart Institute, we have encoun- 
tered 27 patients (0.51%) in whom an intramyo- 
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cardial segment of the LAD demonstrated an 
obvious milking effect of this artery during sys- 
tole. Of these 27 patients, 17 had otherwise nor- 
mal coronary arteries and 10 had associated 
coronary arteriosclerotic lesions. The milking ef- 
fect was evaluated grade I when less than 50%, 
grade II when between 50 and 75%, and grade III 
when greater than 75% (Fig 1). 
Electrocardiographic and hemodynamic stu- 
dies—including stress ECG, coronary sinus 
blood flow, myocardial oxygen consumption, 
and lactate extraction at rest—during atrial pac- 
ing at rates of 120 and 150 beats per minute and 
during a 60-watt supine ergocycle exercise test 
were performed in 11 patients whose coronary 
arteries were otherwise normal. From these 
studies we conclude that a grade III systolic con- 
striction of the LAD at angiography can produce 
left anterior wall ischemia during tachycardia 


[5]. 


Materials and Methods 


Three men, aged 41, 58, and 63 years, respective- 
ly, had a grade III milking effect and suffered 
from typical angina pectoris (New York Heart 
Association Functional Class III) for at least one 
year prior to operation (Table 1). All 3 patients 
had been performing heavy manual labor before 
the onset of their symptomatology. Resting and 
stress ECG and coronary angiography were 
done in all preoperatively and postoperatively. 
In 2 patients a special hemodynamic study (pac- 
ing and lactate determinations) was also per- 
formed both before and after operation. The 
operative procedure, done under cardiopulmo- 
nary bypass, was a simple supraarterial 
myotomy over the embedded segment of the 
LAD (Fig 2). In 2 patients there was 75 to 80% 
milking of the LAD associated with harmless 
lesions (30 to 35% and 10 to 20%, respectively) of 
the circumflex and of the dominant right coro- 
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Cc 


Fig 1. LAD during systole (S) and diastole (D) 

before and after operation. (A) Systolic aspect of the 
constricted artery before operation. (B) Diastolic 
appearance of LAD before operation. (C) Systolic 
appearance of LAD after operation. (D) Diastolic 
appearance of LAD after operation. 


Table 1. Preoperative Status of Patients Undergoing Myotomy for Milking Effect of LAD 


Serene 
Patient Angina Duration ECG Pacing (150) 
No. and (NYHA of Angina —————___— Milking Associated 
Sex Class) (mo) Rest Stress (%) Lesions Ventricle ECG Lactate 
=M a ca U OSS 





1. M Il 14 N Not 75 30% Cx, N + w 
done 10-20% 
RCA 
2. M Il 12 Ischemia + 80 35% Cx; Conc. Not Not 
Vi-Ve 10-20% hyper- done done 
RCA trophy 


3. M Ill 18 N + 90 None N + + 
eee 


N = normal; Cx = circumflex coronary artery; RCA = right coronary artery. 
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Fig 2. Perioperative photograph showing the LAD 
liberated from its myocardial bridge. 


nary artery (RCA). A third patient had otherwise 
completely normal coronary arteries, and the 
systolic narrowing of the LAD was greater than 
90%. Evidence of an associated cardiomyopathy 
demonstrated by echocardiography and ven- 
triculography was evident in only 1 patient. The 
other 2 had normal ventriculography and nearly 
normal echocardiography. 


Patient 1 


A white man born in 1933, who had been work- 
ing for a moving company, was completely 
asymptomatic until the age of 34, when he de- 
veloped severe thoracic pains and suffered 
a transient loss of consciousness following 
strenuous exercise at work. His physician diag- 
nosed myocardial ischemia. Over the following 
six years he continued his heavy labor without 
any symptoms. At age 41 he again experienced 
constrictive chest pains, radiating to the left arm 
during exercise. Three months later, in De- 
cember, 1974, he developed preinfarction an- 
gina that was said to have ended ina myocardial 
infarction. One month later his chest pains re- 
curred, and he experienced an episode of heart 
failure that was treated with digitalis and diure- 
tics. 

This man was first seen at the Montreal Heart 
Institute in October, 1975. Cardiac failure ap- 
peared well controlled by digitalis and diuretics, 
but despite beta-adrenergic blocking agents 
(160 mg/day) and long-acting nitrates he suf- 
fered from severe angina at exercise and at night 


November 1977 


while resting. The consulting cardiologist de- 
scribed his incapacity as NYHA Class IV. 

Risk factors included smoking, a mild eleva- 
tion of cholesterol, and high triglyceride levels. 
Blood pressure was normal. A resting ECG was 
within normal limits except for lack of progres- 
sion of the R wave from V, to V}. Because his 
clinical picture suggested unstable angina, a 
stress ECG was not done. Cardiac catheteriza- 
tion revealed a normal ventriculogram and a 
milking effect of the proximal LAD with a sys- 
tolic narrowing of 75%. There were associated 
parietal irregularities of the RCA causing a nar- 
rowing of 10 to 20%, along with 30 to 40% 
stenosis of the proximal circumflex artery. The 
left ventricular ejection fraction was 0.74. 
End-diastolic pressure in the left ventricle was 
normal, both at rest and after ventriculography. 
The echocardiogram showed slight hypertrophy 
(13 mm) of the walls of the left ventricle. 

The patient was sent home on medical therapy 
for 3 months, but he failed to improve and could 
not return to work. He was readmitted then for 
special hemodynamic studies. Coronary blood 
flow at rest was 101 ml/min, rising to 121 with 
pacing (150 beats/min). Oxygen consumption 
was 13.1 ml at rest and 16.4 ml during pacing. 
Lactate extraction at rest was 20% and during 
pacing reached 10%. Moreover, during pacing 
he complained of severe angina. The ECG, nor- 
mal at rest, became positive under pacing. It was 
concluded that with pacing at 150 beats/min, 
there was evidence of metabolic and electrical 
ischemia. 

On January 19, 1976, because of his continu- 
ing incapacity and acceptable criteria of myo- 
cardial ischemia, the patient underwent a su- 
praarterial myotomy which freed the entire 
intramyocardial course of the LAD. A trench, 
measuring 3 cm in length and 1 cm in depth, was 
created to completely expose a normal-looking 
LAD. There were no postoperative complica- 
tions, and the patient was discharged on the 
eighth postoperative day. 

At reevaluation 3 months later, the milking 
effect and the metabolic and electrocardio- 
graphic abnormalities both at rest and after pac- 
ing had all disappeared. Coronary blood flow 
was 147 ml/min at rest, rising to 188 after pacing. 
Myocardial oxygen consumption was 18.7 ml at 
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rest and 24.1 ml after pacing. Lactate extraction 
was 7% at rest and 9% after pacing. The patient 
experienced no angina during the test. The ECG 
remained normal at rest and after pacing. 

This patient has since returned to his previous 
employment as a truck driver for a moving com- 
pany. He takes no medication and is completely 
free of angina one year postoperatively. 


Patient 2 

This patient, also a truck driver, was seen for 
the first time at the Montreal Heart Institute in 
April, 1971, when he was 53 years of age. He had 
been suffering from intermittent claudication of 
both hips for two years. Aortography revealed 
complete blocking of the abdominal aorta. The 
distal arteries appeared normal, and he under- 
went bilateral aortoiliac bypass with a Dacron 
graft. A routine ECG disclosed ischemia of the 
anterolateral wall, but the patient was then to- 
tally free of angina. 

He returned to work and was asymptomatic 
until October, 1975, when he suffered an an- 
terolateral myocardial infarction. Following that 
episode he experienced typical angina that 
was graded NYHA Class III in spite of beta- 
adrenergic agents and nitrates. He entered the 
hospital in June, 1976, for treatment of coronary 
artery insufficiency. A resting ECG showed the 
same ischemic changes of the anterolateral wall 
observed in 1971, but there was no evidence of 
myocardial necrosis. A stress ECG showed a 4 
mm downward displacement of the S-T segment 
at 90% of his maximum heart rate. 

A coronary angiogram revealed 80% systolic 
constriction of the LAD at the junction of the 
proximal and middle thirds. There was 30 to 
35% narrowing of the proximal circumflex artery 
and 10 to 20% stenosis of the dominant RCA. At 
ventriculography there was hyperkinetic con- 
traction with evidence of diffuse hypertrophy of 
the ventricular walls. The left ventricular end- 
diastolic pressure after ventriculography rose to 
36 mm Hg. 

The patient was sent home and given medica- 
tion (beta-adrenergic agents and nitrates) for 11 
months. He remained incapacitated with angina 
and was readmitted in September, 1976, for sur- 
gical correction. A supraarterial myotomy re- 
lieved the LAD compression. Postoperatively, 


the patient underwent angiographic studies that 
showed complete disappearance of the milking 
effect. Because hemodynamic and metabolic 
studies had not been done preoperatively, they 
were not performed postoperatively. When last 
seen in January, 1977, the patient was asymp- 
tomatic. He had returned to heavy manual la- 
bor, was taking no medication, and had no an- 
gina. 


Patient 3 


When first seen in February, 1976, a 63-year-old 
man, born in June, 1913, had been suffering 
from typical angina for about one year, during 
which he had been away from his work as a 
mechanic. He was not obese or diabetic, and the 
blood lipids were within normal limits. He had 
been treated within the previous five years for 
mild elevation of his blood pressure, however. 
The ECG was normal at rest, but a stress test was 
strongly positive for myocardial ischemia. The 
patient was given beta-adrenergic drugs and 
long-acting nitrates for 5 months. Because his 
angina failed to improve, coronary angiography 
was performed on June 15, 1976. The coronary 
arteries were normal except for a greater than 
90% milking effect of the proximal portion of the 
LAD. Ejection fraction was normal at 0.75. The 
echocardiogram showed no abnormalities. 

The patient underwent hemodynamic and 
ECG studies including pacing and lactate de- 
terminations. Coronary blood flow at rest was 78 
ml/min, which rose to 143 after pacing (150 
beats/min). Oxygen consumption was 6.6 ml at 
rest and rose to 12.8 ml after pacing. The lactate 
values were 15% at rest and —5% after pacing. He 
also suffered anginal pains during pacing. The 
ECG, negative at rest, became positive under 
pacing. 

The patient underwent operation on October 
28, 1976. The LAD was freed by supraarterial 
myotomy. His postoperative course was une- 
ventful. When he was reevaluated on December 
19, 1976, the milking effect had completely dis- 
appeared and the coronary arteries were abso- 
lutely normal, both in systole and in diastole. 
During pacing at 120 and 150 beats/min there 
were no clinical, electrical, or metabolic signs of 
ischemia. Coronary blood flow was 125 ml/min 
at rest and 287 ml/min during pacing at 150 
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beats. Myocardial oxygen consumption was 10.8 
ml at rest, rising to 25.7 ml during pacing. Lac- 
tate extraction was 11.3% at rest and 3.3% during 
pacing. No angina and no abnormalities of the 
ECG, either at rest or during pacing, were de- 
tected. When last seen on January 12, 1977, he 
was completely asymptomatic, was taking no 
medication, and was planning to return to his 
previous employment. 


Results 


The grade III milking effect of the LAD in all 3 
patients (75, 80, and 90%) was completely cor- 
rected by the surgical procedure (Table 2). Clini- 
cal angina, which did not respond to several 
months of medical therapy (3, 11, and 5 months, 
respectively) and prevented gainful employ- 
ment, has been completely relieved in all 3 pa- 
tients, with a follow-up of 12, 4, and 3 months, 
respectively. Two patients have returned to 
their previous work, performing manual labor 
and remaining asymptomatic. The third patient, 
operated on only 3 months ago, will soon return 
to full activity. 

Myocardial ischemia, established preopera- 
tively in all by a positive stress (exercise or pac- 
ing) ECG, was not demonstrated postopera- 
tively (Fig 3). A special hemodynamic study 
(pacing and lactate determinations) done in 
2 patients preoperatively had demonstrated 
metabolic evidence of ischemic myocardium. 
The same studies repeated after surgical correc- 
tion in the same patients have failed to objectify 
ischemia. This is particularly obvious in Patient 
3, in whom preoperative myocardial oxygen 
consumption was 6.6 ml at rest and 12.8 after 
pacing and lactate was 15% at rest and —5% after 
pacing. With surgical relief of the milking, oxy- 
gen consumption rose to 10.8 ml at rest and 25.7 
after pacing, and lactate levels were 11.3% at rest 
and 3.3% during pacing (Table 3). 


Comment 


It is not unusual for the LAD to have an intra- 
myocardial segment. This anomaly, first de- 
scribed in 1922 by Crainicianu [3], was reported 
to exist in some 23% of postmortem cases 
studied by Geiringer [4] in 1951. More recently, 
in this era of direct coronary artery surgery, 
intramyocardial location of the LAD, which 


seems to occur in 15 to 20% of patients, has 
annoyed many cardiovascular surgeons. We 
have constantly observed, both at operation and 
in postmortem examinations, that sections of 
arteries embedded in the cardiac muscle are al- 
most always normal and free of arteriosclerosis. 
So far we have encountered no satisfactory ex- 
planation as to why these arteries are so pro- 
tected, even in patients with extensive and dif- 
fuse coronary arteriosclerosis. 

With the advent of cineangiography it became 
known that systolic milking can occur in such 
segments, as reported by Portsmann [6] in 1960. 
The importance of differentiating these tran- 
sient systolic stenoses from fixed arteriosclerotic 
lesions was stressed by Amplatz and Anderson 
[1] in 1968. The clinical implications of this 
anatomical variant, however, were ignored until 
1975, when a 26-year-old man, incapacitated by 
angina and in whoma systolic obstruction of the 
proximal LAD had been angiographically dem- 
onstrated, was operated on in Paris by Dr. 
Jean-Paul Binet [2]. The artery was liberated 
over a 4 cm area with postoperative disappear- 
ance of both angina and milking. The patient 
did not demonstrate any change in the ECG 
before and after operation, however, and 
metabolic studies to objectify the ischemic con- 
sequences of the milking phenomenon were not 
performed. 

Many questions concerning this unusual con- 
dition remain unanswered. First, why is milk- 
ing observed in only 0.5% of the patients [5], 
when the incidence of an LAD with an intra- 
myocardial course reaches 15 to 20%? What is 
the origin of this anomaly? If, as it seems, it is a 
congenital condition, why do symptoms occur 
so late in life? Moreover, with more than 75% of 
the coronary blood flow taking place in diastole, 
how could systolic narrowing cause myocardial 
ischemia? 

The milking effect in intramyocardial portions 
of the LAD could be explained by the depth and 
length of the embedding process, by a peculiar 
cellular orientation of the myocardial fibers, or 
by concentric pathological hypertrophy of the 
surrounding muscle. Biopsy studies, which we 
have not yet done, could be useful, and we plan 
to perform them in future cases. Milking could 
well originate from a localized or a diffuse car- 
diomyopathy. 
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Table 2. Postoperative Status of Patients Undergoing Myotomy for Milking Effect of LAD 





Pacing Studies 


Patient and Date Follow-up — Return 
of Operation (mo) Angina Stress ECG Milking ECG Lactate to Work 
ee ee ee ee 
1. 1/19/76 12 0 = 0 8 9 Yes 
2. 8/31/76 4 0 (S) 0 Not Not Yes 

done done 
3. 10/28/76 3 0 9 0 8 8 Not 

yet 


© = negative. 


Table 3. Pacing Studies in Patients Undergoing Myotomy for Milking of LAD 


= i ss 
Patient 1 (Preop) Patient 1 (Postop) Patient 3 (Preop) Patient 3 (Postop) 


Studies Rest Pacing Rest Pacing Rest Pacing Rest Pacing 

ee a a- k -M 

CBF (ml/min) 101 121 147 188 78 143 125 287 

MVo, (ml/min) 13.1 16.4 18.7 24.1 6.6 12.8 10.8 25.7 

Lactate 20 10 7 9 15 =5 11.3 3.3 
extraction (%) 

Anginal pains 0 + 0 0 0 + 0 0 

ECG N ® N N N ® N N 


Sa en ses 


CBF = coronary blood flow; MVo, = myocardial oxygen consumption; N = normal; ® = ischemia. 


Resting Pacing Resting Stress 
(150 beats/min) 
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Fig 3. Preoperative and postoperative ECG studies 
for Patient 3. 
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The etiology of this anatomical variant ap- 
pears to be congenital, as it is known that most 
coronary arteries have an intramyocardial 
course during fetal development [4]. The late 
appearance of symptoms can be explained by 
specific growth of the surrounding muscle, or it 
may represent a secondary phenomenon in left 
ventricular hypertrophy, a localized or diffuse 
cardiomyopathy, or the onset of arteriosclerotic 
deterioration of the coronary arterial tree. 

It is noteworthy that milking of the LAD in our 
previous study [5] was associated with major 
lesions of the other coronary arteries in 10 of 27 
patients (37%). Two patients who were operated 
on had arteriosclerotic lesions as well, although 
they did not affect the RCA and the circumflex 
artery. It is possible that milking, if not extreme 
(as in our patients and Dr. Binet’s case), could 
remain compensated and asymptomatic until 
the occurrence of arteriosclerotic involvement of 
the other arteries. Our operated patients were 
between 41 and 63 years old, which is the age 
range for coronary artery disease. 

Seventy-five percent of coronary blood flow 
takes place in diastole. In normal conditions (ie, 
at a rate of 70 beats/min), diastole represents 
60% of the cardiac cycle. However, at a rate of 
120 beats/min, diastole is only 50% of the cycle. 
Around 150 beats/min diastole is still shorter, 
approximately 45% of the cycle. This short dias- 
tole may not permit full systolic expansion of the 
constricted artery. Tachycardia, along with ar- 
teriosclerotic rigidity or stenosis of the other 
arteries, could result in myocardial ischemia. 

The clinical improvement observed after the 
corrective procedure in Dr. Binet’s patient, in 
our 3, and in 3 similar patients operated on 
by Dr. Denton Cooley” is impressive. The 
preoperative and postoperative electrocardio- 
graphic and metabolic findings in our patients 
do establish relief of myocardial ischemia. More 
studies are in order. Myocardial biopsies could 
be enlightening. 

As suggested by Dr. Binet [2], this condition 
might explain some instances of sudden death 
occurring during strenuous exercise among 
athletes in whom no lesions of the coronary ar- 
teries are demonstrated at postmortem examina- 
tion. 


*Cooley DA: Personal communication, 1976. 


Use of the available drugs, such as beta- 
adrenergic agents, has been unsuccessful in our 
patients. It might be, though, that simple con- 
trol of tachycardia, if adequate, could prevent 
myocardial ischemia in some cases. Our experi- 
ence, however, suggests that when grade III 
(+75%) milking is observed in a patient with 
incapacitating angina, pacing and lactate 
studies should be done. If ischemia is demon- 
strated, surgical correction is indicated. More- 
over, patients having both major arterioscle- 
rotic coronary artery disease and grade II or 
grade III milking of the LAD should receive con- 
comitant surgical decompression of this ar- 
tery if it is not bypassed. 
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Discussion 

DR. PETER V. MOULDER (Gainesville, FL): I strongly 
support Dr. Grondin’s thesis that these long intra- 
myocardial coronary arterial segments can be an 
etiological factor in ischemic myocardial disease and 
that relief of the myocardial bridging can produce 
subjective and objective improvement. I would like to 
relate my experience with a patient studied in associa- 
tion with the cardiologists in a manner similar to that 
of Dr. Grondin. 

The preoperative coronary arteriograms showed 
the long segment intramyocardial situs of the mid- 
LAD, with nearly total occlusion during systole and 
with a smooth but restricted orifice through diastole. 
A coronary sinus catheter preferentially placed at this 
site produced effluent blood with positive biochemi- 
cal analyses during stress, as in the presented studies. 
In addition, a flowmeter placed on the proximal por- 
tion of the vessel revealed strikingly different flow 
patterns before and after release of the myocardial 
bridge and the important development of a positive 
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hyperemic response (increased flow after temporary 
occlusion) following resection. The muscle biopsy re- 
vealed nothing unique, only fibrous tissue and mus- 
cle. We did have to relieve some fibrous tissue bind- 
ing on the artery in the depths of the myocardium, 
and I am curious to know if Dr. Grondin had a similar 
experience. 


DR. NOEL L. MILLS (Jefferson, LA): We have seen this 
condition in about 1 of every 1,000 patients. We have 
operated on 2 such patients, 1 involving the LAD, the 
other involving the circumflex system deep in the 
muscle. On biopsy of the muscle we found no abnor- 
mality, and we were able to demonstrate successful 
surgical relief of the tunnel by a postoperative angio- 
gram taken in systole. 

I would like to point out some of the anatomical 
aspects of the LAD. Its position in the anteroposterior 
plane may be anywhere, from the surface to the myo- 
cardial tunnel or bridge. It may be intracavitary or 
intraseptal, which fortunately is very rare. The 
amount of vascular bed that the LAD or other affected 
vessel supplies is very important. Some so-called 
hyperdominant LADs go all the way around to the 
back of the heart. Dr. Grondin’s roentgenograms 
showed rather large vessels. 

In doing a myotomy, one of the problems encoun- 
tered may be entering the right ventricle if the LAD 
takes an intracavitary course. When it does, we ele- 
vate that vessel and close the right ventricle under it. 
We have done this operation in association with the 
routine type of problem of a proximal atherosclerotic 
lesion in the LAD. 

I had hoped Dr. Grondin would be able to explain 
why myocardial bridges wait until after age 40 before 
causing problems; this has been our experience also. 
We would advise caution in operating on this entity 
alone. Certainly Dr. Grondin’s physiological studies 
are important in patient selection. The heart rate too is 
very important, and we have also used atrial pacing to 
assess Our patients. 

We too have raised the question of whether this 
entity could be responsible for some of the sudden 
infant death syndromes, so-called crib deaths. 

Dr. Grondin, in your routine cases with athero- 
sclerotic proximal lesions, do you divide the tun- 
nel routinely? Also, do you insert the graft proximally 
or distally? 


DR. JEAN P. MERCHO (Indianapolis, IN): We also have 
observed this entity a few times at the Community 
Hospital in Indianapolis. Only 1 patient was operated 
on; the others were treated medically. 

This patient was seen in 1974 with incapacitating 
angina. His treadmill test was positive, and his 
cineangiogram showed myocardial bridging and a 
milking effect of the LAD. Due to his severe angina, 
the patient underwent myomectomy with extracor- 
poreal circulation. At catheterization 3 months later 
his LAD was normal; his treadmill test was negative. 


We studied this patient very recently, and again his 
treadmill test was negative and the LAD revealed no 
constriction effect from a constricting band. We have 
had a 30-month follow-up with a good clinical result. 

Based on our limited experience we could suggest: 
(1) that myocardial bridging with milking effect of the 
LAD isan entity; (2) that treatment should be medical; 
(3) that if symptoms are severe and if medical man- 
agement fails, operation should be the treatment of 
choice; (4) that extracorporeal circulation is safer—we 
also perforated the right ventricle in our single oper- 
ated patient; and (5) that myomectomy is preferable to 
aortocoronary bypass. 


DR. ARTHUR LEE (Buffalo, NY): Angiographically we 
have identified about the same incidence as Dr. 
Grondin: 14 patients among 5,000 angiograms. We 
have operated on 4 patients, 3 of whom have been 
given vein grafts for the purpose of bypassing an 
atherosclerotic lesion. The remaining 10 patients were 
managed with medical therapy (we were uncertain of 
the natural history). 

Our youngest patient had angina when he was 16 
years old, and I operated on him a few months ago 
when he was 23. He had a preoperative myocardial 
flow study by the technique of Dr. Fran Klocke that 
showed a preoperative myocardial flow of 46 ml/100 
gm/min and 58 ml postoperatively (normal in our lab- 
oratory is 70 ml with a standard error of 16). I think 
this patient represented an instance of congenital dis- 
ease. 


DR. GRONDIN: I thank all the discussants for their con- 
tributions. I am happy to realize that milking of the 
LAD is not just a Canadian disease. 

In our experience we have encountered this condi- 
tion in a few patients. However, we look for a systolic 
constriction of at least 75% and major angina before 
we embark on further studies. Among these studies, 
we believe that pacing and lactate determinations 
have to demonstrate myocardial ischemia before we 
recommend operation. 

We have not used vein grafts as suggested by Dr. 
Lee. I would be hesitant to use a vein graft in a young 
person, especially knowing that this artery has a nor- 
mal lumen and normal walls. I would try as far as 
possible just to liberate the artery from its muscular 
bridge. To avoid opening the right ventricle, as men- 
tioned by Dr. Mercho, the myotomy could be done by 
approaching the LAD from the left side at a 45-degree 
angle. 

I am unhappy that the biopsy studies done by Dr. 
Moulder and Dr. Mills have not revealed anything 
special in the myocardium. I think we still have a lot to 
learn in myocardial biopsies. The pathologists should 
be able to demonstrate some special orientation of the 
myocardial fibers. Otherwise we have no explanation 
as to why these intramyocardial arteries so rarely 
show constriction of the embedded artery. 


Intraoperative Doppler Coronary Artery Finder 


Peter V. Moulder, M.D.,* Michael J. Teague, B.S., Victor J. Manuele, M.D., 
Richard A. Brunswick, M.D., and George R. Daicoff, M.D. 


ABSTRACT Time-consuming difficulty is occa- 
sionally encountered in finding coronary arteries or 
previously placed vascular grafts during coronary re- 
vascularization procedures. A catheter-tipped, con- 
tinuous-wave Doppler ultrasonic probe with simple 
audio output has been shown to be capable of ex- 
pediting the search for these vessels. 


Most major technical aspects of direct coronary 
arterial revascularization procedures have been 
developed and refined in a short span of years. 
Expeditious tracing of coronary arteries in a 
number of uncommon situations remains a 
problem. Some of these situations are the oblit- 
eration of surface features of the epicardium by 
pericarditis secondary to disease involvement or 
induced by prior operation, an excessively fat 
epicardium, and the intramyocardial course of 
the vessel. Additional cardiopulmonary bypass 
time and bleeding from dissection sites are un- 
desirable sequelae from nondirect attack on the 
desired artery. 

Typically a variety of techniques have been 
developed by the imagination and initiative of 
surgeons; usually a knowledge of anatomy, 
study of the cine coronary arteriograms, and ex- 
perience have oriented intervention at the site 
where the vessel would be expected. When 
reoperation is undertaken in the presence of pa- 
tent grafts, these technical considerations are 
not as helpful. Inadvertent division of a 
functioning Vineberg implant and of a patent 
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saphenous vein bypass graft in 2 surgical ex- 
periences represents part of the stimulation to 
develop and use the technique we describe in 
this paper. 

A noninvasive technique and system for find- 
ing and qualitatively characterizing the velocity 
of blood flow in small vessels has been de- 
veloped that has proved especially useful during 
coronary arterial revascularization procedures 
in the described situations. It involves a 
modification of standard Doppler ultrasound 
methods. Standard probes are used for large 
vessel studies in vascular surgical procedures 
and occasionally for monitoring aortic velocity 
in cardiopulmonary bypass operations, but 
these probes have proved too large and cumber- 
some during exploration for coronary and other 
small arteries. A small, catheter-tipped, 
continuous-wave Doppler velocity probe, de- 
veloped by Sonicaid research for intravascular 
use, has proved to have desirable characteristics 
for surface-external examination of small vessel 
velocity profiles. 


Technical Aspects 


The intravascular probe, catheter-tipped trans- 
ducer (Fig 1), developed by Michael Teague, 
consists of a standard nylon catheter (7F, 2.3 mm 
diameter) with the probe built into the tip. A 1.5 
mm diameter piezoelectric ceramic element is 
soldered to a subminiature coaxial cable and 
threaded into the catheter lumen, and the end of 
the catheter is sealed with an epoxy. The single 
crystal is connected by its cable to one arm of a 
four-armed bridge circuit together with an 8 
MHz oscillator and a tuned Doppler receiver. 
The bridge is arranged so as to couple the signal 
received by the crystal into the receiver and at 
the same time nullify the transmitted signal so 
that it does not swamp the receiver. The whole 
bridge circuit, together with an electrocardio- 
graphic type of isolation amplifier, is built into a 
small case. This unit is connected to a standard 
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Fig 1. Sonicaid catheter-tipped, continuous-wave 
Doppler flowmeter probes. The lower one is the 
original, unmodified intravascular catheter. The 
upper one ts the catheter with an added cleat to help 
stabilize position on the epicardium of the 
contracting heart. 


Fig 2. The unit for processing the Doppler probe 
signal. The suspended white box with the probe 
attached, which can be brought close to the 
operative field, contains balancing electronics for 
the catheter-type probe. It is attached to the lower 
unit, which is the standard Sonicaid Doppler 
velocimeter, with recorder and speaker which 
provide the audio signal for recognition of coronary 
arterial flow velocity. Above this is an accessory 
oscilloscope with trace-hold capability for 
monitoring purposes. 


Sonicaid directional Doppler velocimeter unit* 
as seen in Figure 2. The electrical isolation 
amplifier is capable of withstanding test volt- 
ages of several kilovolts, and the transducer it- 
self will sustain over 1 kv before breakdown, 
thus achieving the double insulation necessary 
for intracardiac measurements. 

The catheter can be moved quickly over a large 
area of epicardium. Contact with a moist surface 
is sufficient for transduction, so that a coupling 
gel is not needed, which further expedites explo- 
ration. The transducer produces a scratching 
sound as it is moved over the epicardium. When 
an artery is subtended, the sudden change to a 
high-velocity sound pattern is remarkably easy 
to detect. Rarely does the venous velocity prove 
confusing, and the meter-indicated directional 
characteristics, which will settle any query, are 
constantly available. The small catheter is 
moved around in front of a dissecting scissors to 
lead the search in fat and in the depths of the 
myocardium. The relatively quiet heart on car- 
diopulmonary bypass—beating or, even better, 
fibrillating—is most suitable for exploration 


“Sonicaid BV380-8 MHz velocimeter—Doppler ultrasound 
system, with speaker or earphone sound reproduction, a 
meter capable of indicating flow velocity in either direction 
in relation to the transduced position, and other useful signal 
controls. The Sonicaid BV381, with a two-channel recorder, 
is capable of adding either an electrocardiographic or a 
phonocardiographic signal to that of the velocity signal. 
(Sonicaid, Inc, Box 714, Fredericksburg, VA.) 
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with the standard catheter. Addition of a metal 
heel with a saw-toothed surface has improved 
ease of application and holding at a specific loca- 
tion on the beating heart. Improvements in this 
aspect of utilization are being pursued. 


Utilization 

In more than 16 instances the coronary artery 
finder has been of importance in finding the 
artery, tracing it with ease, or expediting the 
dissection. This includes 3 instances of mas- 
sively fat epicardium, 1 with locally excessive 
fatty tissue, 2 reoperations, and 3 with intra- 
myocardial location of the coronary artery. In 1 
instance the technique failed to find an intra- 
myocardial obtuse marginal branch of the left 
circumflex coronary artery. As soon as recheck of 
the cine coronary arteriogram indicated the un- 
usually oblique relationship to the superficial 
vein, its deep situs was explored, and the trans- 
ducer aided in the ultimate intramyocardial dis- 
section. A vessel supplied entirely by collateral 
circulation, ie, with total proximal occlusion, 
has not necessitated study as yet, so that the 
ability to find such a vessel is untested. Branch 
arteries with high-velocity flow have been 
found, but they have not caused misapplication. 
This is similar to the usual visual situation in 


which the anatomical features, such as direction 
on the surface, or shortness, indicate the charac- 
ter of the vessel. 


Discussion 

DR. ANDREW L. CARNEY (Oak Park, IL): I would like to 
question Dr. Moulder on his reference to use of the 
Doppler technique in the noninvasive vascular and 
cardiovascular laboratories. What is the place of the 
noninvasive vascular laboratory in the surgical prac- 
tice of cardiovascular surgeons? 


DR. MOULDER: Dr. Carney’s question brings up an 
important point: use of the Doppler technique will 
never be limited to a single procedure such as 
this, especially in vascular and cardiac surgery. A 
cadre of uses has developed for these tools, and their 
application is limited only by the imagination; usu- 
ally a vascular laboratory will be set up and quite a 
large effort will follow, and this will support other 
physicians’ activities as well. Increasing usage also 
sharpens the characteristics of signal production; that 
is, as the technique improves, the data obtained im- 
prove. 

Dr. Carney also alludes to the fact that cardiac and 
vascular surgeons must be in the Doppler business. It 
is a useful tool for us because it is related to blood flow 
dynamics, which is our business. Thus we cannot 
allow it to pass on to the exclusive control of other 
disciplines. We must become involved. We need it. 
We must not let it get away. 


Extraanatomical Bypass of the 
Aortic Root: An Experimental Technique 


John W. Brown, M.D., Claudio A. Salles, M.D., and Marvin M. Kirsh, M.D. 


ABSTRACT Endocarditis involving a prosthetic 
aortic valve is associated with persistently positive 
blood cultures and aortic regurgitation. With rare ex- 
ception, it is a fatal disease. An experimental tech- 
nique was developed that would allow for removal of 
the infected aortic prosthesis with debridement and 
permanent closure of the aortic root. An extraanatom- 
ical outflow for the left ventricle was created using a 
valve-containing conduit between the apex of the left 
ventricle and the descending thoracic aorta (apico- 
aortic anastomosis). 

The procedure was performed on 5 mongrel dogs 
through a left thoracotomy without use of cardiopul- 
monary bypass. Four survived the procedure and re- 
quired no cardiotonic support. One died as a result of 
a technical problem. Intraoperative pressure deter- 
mination revealed a 0 to 15 mm Hg gradient across the 
apicoaortic prosthesis and a left ventricular end- 
diastolic pressure of 0 to 4mm Hg. Both postoperative 
angiocardiogram and postmortem examination con- 
firmed patency of the aortocoronary bypass grafts 
and good function of the prosthesis. 


Endocarditis in the early postoperative period 
involving a prosthetic aortic valve in association 
with persistently positive blood cultures and 
aortic regurgitation is an almost uniformly lethal 
complication with a mortality of 75% in most 
series. Its incidence ranges from 0.5 to 2%. The 
purpose of this report is to review the pathologi- 
cal characteristics of early prosthetic aortic valve 
endocarditis and to describe an experimental 
technique that could be used in its treatment. 
This technique allows for complete removal of 
the infected aortic prosthesis with debridement 
and permanent closure of the aortic root. A new 
outflow tract for the left ventricle is then con- 
structed using a valve-containing conduit be- 
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tween the apex of the left ventricle and the de- 
scending thoracic aorta. Reversed saphenous 
vein bypass grafts are placed to the proximal 
coronary arteries from the aortic arch or conduit. 


Materials and Methods 

The Prosthesis 

The apicoaortic prosthesis is shown in Figure 1. 
The prosthesis is a Starr-Edwards Model 1260 
aortic valve mounted into a 20 mm woven tubu- 
lar Dacron graft. Anastomosis to the apex of the 
left ventricle is accomplished with a semirigid, 
cloth-covered polyurethane elbow stent (inter- 
nal diameter 12 mm) which projects 5 mm into 
the left ventricular cavity. 

The apical stent is of paramount importance 
in the function of the conduit. It is composed 
of wire-reinforced segmented polyurethane, 
which has been shown experimentally to be a 
strong, durable, nondeteriorating bioprosthetic 
material that is nontraumatic to blood compo- 
nents [5]. Its rigidity prevents collapse during 
ventricular systole as well as kinking of the con- 
duit as it negotiates a right-angled turn at the left 
ventricular apex. It is designed to project 5 mm 
into the left ventricular cavity so as to prevent 
overgrowth of endocardium over its orifice. The 
stent’s external surface is covered with Dacron 
cloth to facilitate tissue ingrowth and thus pro- 
vide a strong bond between the myocardium 
and the prosthesis. The cloth covering also pre- 
vents recurrent thrombus formation around the 
intraventricular lip of the stent. The sewing ring 
facilitates attachment to the left ventricular apex. 
The standard Starr-Edwards Model 1260 aortic 
prosthesis has been shown to function well 
when mounted into a prosthetic graft.* 


Experimental Technique 


Five mongrel dogs weighing between 20 and 25 
kg were anesthetized with phenobarbital and 


“Brown JW, Myerowitz PD, Boretos JW, et al: Apicoaortic 
anastomosis for left ventricular outflow obstruction: 
prosthetic design, operative technique, laboratory evalua- 
tion, and a case report (in preparation). 
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Fig 1. The ventricular stent is a semirigid, 
cloth-covered polyurethane elbow with a sewing 
ring. The stent is attached to a standard woven 
Dacron tubular graft into which a Model 1260 
Starr-Edwards aortic prosthesis has been sewn. 


mechanically ventilated with room air through a 
cuffed endotracheal tube. A left thoracotomy 
through the bed of the fifth rib was performed. 
The end-to-side aortic anastomosis was done at 
the level of the sixth and seventh intercostal 
arteries using a partially occluding vascular 
clamp and interrupted suture technique. Tiny 
Teflon pledgets were placed inside the aortic 
lumen to buttress the wall of the aorta (Fig 2). 
The dogs were heparinized (1 mg/kg body 
weight) prior to removal of the vascular clamp, 
and blood was allowed to enter the distal portion 
of the conduit. An obturator was then passed 
through a pursestring suture in the left atrial 
appendage, and guided through the mitral valve 
into the left ventricular apex. Counterpressure 
was exerted at the left ventricular apex while a 
cork borer was used to excise a circular piece of 
myocardium from the apex (Fig 3). 

The obturator protruded through the apex and 
occluded the ventriculotomy. The apical stent 
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Fig 2. The distal end of the apicoaortic prosthesis ts 
sewn end-to-side to the descending thoracic aorta. 
Interrupted sutures with tiny pledgets are used. 
The distal saphenous vein—coronary artery 
anastomosis is performed over a small internal 
carotid—coronary artery shunt. 
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was placed over the obturator and both were 
drawn back into the ventricular cavity. The ob- 
turator was removed from the left atrial appen- 
dage. Pledgeted sutures were placed at equidis- 
tant points about the ventriculotomy and 
through the sewing ring on the stent, thus fixing 
the stent to the apex. Residual air in the conduit 
was removed by placing a needle in the prosthe- 
tic graft at its highest point. Here the bidirec- 
tional flow from the left ventricle was perma- 
nently converted to unidirectional flow out 
through the apex by totally occluding the as- 
cending aorta using a soft-jawed plastic clamp. 
The aorta had previously been wrapped with a 
small piece of Teflon felt 3 to 4 cm above the 
coronary ostia (Fig 4). A reversed segment of 
greater saphenous vein was then sutured in 
place between the left anterior descending coro- 
nary artery and the distal aortic arch. A small 
internal shunt from the carotid artery through 
the saphenous vein segment and into the distal 
coronary artery was used to provide coronary 
perfusion during the distal coronary anas- 
tomosis (see Fig 3). The shunt was then re- 
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Fig 3. A metal obturator is placed through a 
pursestring suture in the left atrial appendage and 
guided through the mitral valve and into the left 
ventricular apex. Counterpressure is exerted on the 
obturator while a cork borer is used to excise a 
circular piece of the apex. The ventriculotomy is 
occluded as the stent is inserted over the obturator, 
which protrudes out the apex. Stay-sutures about 
the apex are used to hold the stent in place as the 
obturator is removed from the heart. 


moved, and the proximal saphenous vein was 
anastomosed to the distal aortic arch. The prox- 
imal coronary artery was then permanently li- 
gated at its origin from the aorta (see Fig 4). The 
entire operation was performed without the aid 
of cardiopulmonary bypass. 


Results 

Four of the 5 animals survived the procedure 
and required no cardiotonic support postopera- 
tively. One dog died as a result of a technical 
error during the distal coronary anastomosis. 
Pressure measurements were made after com- 
pletion of the procedure and showed only a0 to 
15 mm Hg gradient from left ventricle to femoral 
artery. The mean left ventricular end-diastolic 
pressure was 4 mm Hg. Postoperative angiocar- 
diogram and postmortem examination con- 
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Fig 4. The completed extraanatomical bypass of the 
aortic root. The ventricular stent is sutured in place 
with pledgeted sutures about the apex. The distal 
saphenous vein—aortic anastomosis is completed 
after the internal coronary shunt has been removed. 
The ascending aorta is totally occluded by an 
implantable plastic clamp, which has been wrapped 
with a small piece of Teflon felt. The left anterior 
descending coronary artery is ligated proximally to 
the coronary anastomosis. 


firmed patency of the aortocoronary bypass 
grafts and satisfactory prosthetic function 
(Fig 5). 


Comment 
Of the 140 patients reported in the literature 
with prosthetic valve endocarditis involving 
aortic prostheses, 69 instances occurred in the 
early postoperative period (<two months post- 
operatively). The overall mortality for this group 
was 75%. Fifty-five patients were treated with 
antibiotics alone, and only 8 survived. Of the 14 
patients who were treated with antibiotics and 
replacement of their infected prosthesis, 9 sur- 
vived [1, 12, 13, 16-18, 20, 22]. All but 1 of these 
patients had the second prosthetic valve placed 
in the same annulus. One patient had the second 
prosthesis placed in the ascending aorta [10]. 
Arnett and Roberts [2] have recently reviewed 
the findings at postmortem examination in pa- 
tients with prosthetic valve endocarditis. In 
their total of 22 patients, 15 had endocarditis 
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Fig 5. (A) Angiogram showing flow through the 
apicoaortic prosthesis and retrograde flow up the 
descending aorta. (B) Aortogram in the same 
animal, showing that aortocoronary bypass ts 
supplying the left anterior descending coronary 
artery. 


involving an aortic prosthesis; 5 of these had 
early aortic prosthetic endocarditis. All pa- 
tients with fatal endocarditis involving the aor- 
tic prosthesis had abscess formation in the aortic 
annulus, and in 8, organisms could be cultured 
from the annulus postmortem. Twelve of the 15 
patients had partial or total detachment of the 
prosthesis from the annulus with evidence of 
massive regurgitation. In 11 of the 15 patients 
the aortic ring abscess burrowed into adjacent 
structures within and about the base of the 
heart, causing variable degrees of heart block or 
fistula formation. In view of these findings it is 
not surprising that endocarditis following valve 
replacement is associated with a high mortality 
because of reinfection or prosthetic dehiscence. 

Infection following abdominal aorta resection 
and prosthetic graft replacement is also as- 
sociated with a mortality in the range of 80% 
[21]. Treatment by antibiotics alone or by anti- 
biotics with excision and reinsertion of a second 
intraabdominal prosthesis has been almost uni- 
formly unsuccessful. The only effective method 
of treatment has been extraanatomical bypass 
(axillofemoral bypass) with removal of the in- 





fected prosthesis and debridement of the in- 
fected bed. 

Similarly, the proposed technique of ex- 
traanatomical bypass of the aortic root allows for 
removal of the infected aortic prosthesis and at 
the same time permits extensive debridement of 
the infected area and closure of the aortic root. 
The use of apicoaortic anastomoses in conjunc- 
tion with aortocoronary saphenous vein bypass 
would eliminate the possibility of prosthetic 
dehiscence and markedly reduce the chance for 
reinfection, which frequently occurs when the 
prosthesis is reinserted in the bed of an infected 
aortic annulus. The feasibility of apicoaortic 
anastomosis and aortocoronary bypass in a pa- 
tient without endocarditis has been shown by 
Cooley [9], who successfully performed this pro- 
cedure in a 70-year-old patient who had a cal- 
cified ascending aorta, severe aortic stenosis, 
and coronary artery disease. 

The concept of extraanatomical bypass of the 
aortic root is not new. In 1910, Carrel [8] inserted 
a paraffin rubber tube and jugular vein conduit 
from the left ventricular apex to the descending 
thoracic aorta in dogs and suggested its use in 
dealing with aneurysmal disease of the aortic 
arch [8]. Several other investigators attempted, 
with variable degrees of success, to perform this 
technique experimentally [3, 14, 15]. In 1955 
Sarnoff [19] was able to perform apicoaortic 
anastomosis and occlusion of the ascending 
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aorta in dogs, with survival for as long as six 
months. The Sarnoff prosthesis was composed 
of a rigid Lucite tube in continuity with a Huf- 
nagel valve. Although no postoperative hemo- 
dynamic assessment was made of the technique, 
his dogs were reported to have normal function. 
Hemolysis and thromboemboli were major 
complications, and they were reportedly the 
cause of death in all dogs surviving the early 
postoperative period [6]. Apicoaortic anas- 
tomosis awaited clinical application until 1962, 
when Thompson* performed apicoaortic anas- 
tomoses on 5 patients with valvular aortic 
stenosis. Two patients survived long-term, and 
1 patient was said to have lived 13 years with a 
functioning prosthesis. This pioneering clinical 
application was never formally reported. 

We undertook an extensive laboratory evalua- 
tion of the apicoaortic concept using modern 
prosthetic materials in the early 1970s, and 
suggested its application in unusual forms of 
congenital ventricular outflow obstruction [7]. 
Since then, apicoaortic anastomosis has been 
clinically applied with excellent resultst in a 
variety of forms of left ventricular outflow 
obstruction [4, 9, 11]. 

Extraanatomical bypass of the aortic root by 
means of apicoaortic anastomosis and aor- 
tocoronary bypass should be considered as an 
alternative technique in the treatment of aortic 
prosthetic endocarditis. 
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Discussion 

DR. GORDON K. DANIELSON (Rochester, MN): I would 
like to compliment Dr. Brown and his coauthors on 
their ingenious approach to a most difficult complica- 
tion of valve replacement. We have used an alterna- 
tive approach on 2 occasions with success in healing 
the infected aortic root and myocardial abscesses in 
both instances. 

Our first patient, presented in 1972, was a 15-year- 
old boy who was moribund from staphylococcal en- 
docarditis of the aortic valve. Emergency valve re- 
placement was undertaken using a non-cloth-covered 
Starr-Edwards valve. A large amount of necrotic myo- 
cardial and valvular tissue was removed from the aor- 
tic root and myocardial abscesses. One week later he 
had signs of infection of the aortic prosthesis with 
increasing aortic insufficiency. Reoperation was per- 
formed. We implanted a new aortic valve into the 
ascending aorta and removed the infected valve from 
the subcoronary position. We sutured the coronary 
ostia closed and placed vein grafts from the aorta 
distal to the valve down to the right and left coronary 
arteries. His recovery was uneventful and he became 
afebrile. Unfortunately, diffuse subendocardial fi- 
brosis, presumably related to prolonged hypotension 
preoperatively, led to his death four months later. 
There were no signs of residual infection at postmor- 
tem examination. 

Our second patient was a 24-year-old man who had 
had an aortic valve replaced with a Starr-Edwards 
valve two years previously. Endocarditis developed 
from an unknown source and resulted in prosthetic 
valve dehiscence. Emergency reoperation was per- 
formed, and extensive abscesses were found together 
with 70% dehiscence of the aortic prosthesis. The 
same operation was done. Flows through the grafts to 
the right and left coronary arteries were over 500 ml 
per minute in each graft in this hypertrophied heart. 
Postoperative anteroposterior and lateral aortograms 
showed good flow through both coronary arteries. 
This patient was afebrile and off antibiotics three 
months postoperatively. 

This procedure does not preclude eventual trans- 
fer of the aortic prosthesis back to the subcoronary 
position, should this ever seem indicated. 


DR. E. CONVERSE PEIRCE (New York, NY): In 1947 and 
1948, while I was working with Dr. Alexander Bill in 
Dr. Gross’ laboratory, we performed a series of exper- 


iments in which we made anatomical shunts around 
the mitral, the aortic, and the pulmonary valve. We 
were able to achieve successful long-term survival 
only with shunts around the pulmonary valve. The 
prostheses utilized a homograft valve from another 
dog, and to give rigidity to the part going through the 
ventricular wall, of the composite graft a section of 
formalin fixed artery. The problem with the aortic 
prosthesis was simply that we made no allowance for 
adequate coronary flow. We ligated the aorta above 
the natural valve but did not insert a vein graft. 

When we made these prostheses we were not an- 
ticipating the open-heart surgery that came in the next 
decade. It is very gratifying to see that the ex- 
traanatomical pathway now has several real uses. Of 
course, it is being utilized to bypass the pulmonary 
valve, and I see now that it may be of use in bypassing 
the aortic valve. 


DR. Y. D. AL-NAAMAN (Baghdad, Iraq): I would like to 
remind the authors, especially Dr. Brown, that I per- 
formed this type of experiment at Columbia Univer- 
sity in 1961, after modifying Sarnoff’s work in 1955. 
My study was presented at the seventh International 
Congress on Diseases of the Chest at New Delhi in 
February, 1963, and has been published in the Con- 
ference proceedings. My point is that this should be 
straightened out for the records of The Annals of 
Thoracic Surgery. 


DR. 1. K. CROSBY (Charlottesville, VA): I congratulate 
Dr. Brown. The disappointing disease of root abscess 
secondary to prosthetic valve endocarditis is hard to 
eradicate totally. Following Dr. Danielson’s publica- 
tion, I used a modification of his procedure in a pa- 
tient I treated, and I hope Mr. Belsey won't shake too 
much if I say that I added a modified Belsey repair to 
the aortic root by buttressing it with the right ven- 
tricular outflow tract, because there was total destruc- 
tion of the aortic root in the subcoronary position. 
This gives good support to a very thin walled abcess 
anteriorly and laterally. As could be anticipated, the 
man died 21 days postoperatively when the unbut- 
tressed posterior area ruptured due to continued sep- 
sis. 

I think the extraanatomical bypass is interesting, but 
I wonder about using so much prosthetic material in 
the presence of bacteremia. I think Dr. Danielson’s 
approach is good if the disease has not progressed to 
the stage of burrowing abscesses through to the 
epicardial surface of the myocardium in the root area. 
I think it is better to operate a little earlier and get the 
success Dr. Danielson has described, rather than 
closing the stable door a little late. 


“How ARCO Medical Products Company 


is improving the predictability of 
Cardiac pacing’ 


—an open letter to physicians and 
other members of the medical 
community from Page Thompson, 
President, ARCO Medical Products 
Company. 








“ARCO Medical Products Company, 
a subsidiary of Atlantic Richfield 
Company—the 12th largest cor- 
porate entity in the United States, 
known principally for its chemical, 
petroleum and mineral operations 
—is now emerging as a leader in 
the highly specialized field of 
cardiac pacemaker systems. And 
we would like you to be sure that 
there are substantial benefits 
accruing to you and your patients 
due to our solid and rapidly growing 
position in this field. 


“To highlight a few of the benefits 

for you we'd like to call your 

attention to the fact that 

ARCO Medical Products Company 

now provides: 

a Pulse generators substantially 
improved in predictability 

# A lithium thionyl chloride power 
source with highly desirable 
characteristics 


a Significantly increased research 
and development to provide im- 
proved and new products in the 
near future 


= A responsible attitude toward 
selling whereby we will not offer 
for sale what we cannot deliver— 
within 48 hours—anywhere in 
the free world 





a Realistic, ‘no-nonsense’ product 
guarantees 


“To understand how it all began 
look back to the early 1960s. Our 
people were then encapsulating 
nuclear materials used in the naval 
nuclear submarine program and the 
Apollo space program. As a result 
of this experience, we were 
awarded the first AEC contract for 
the encapsulation of nuclear 
material to be implanted in the 





human body. That was the begin- 
ning of the first nuclear-powered 
pulse generator. 


“The precision and expertise put 
into the manufacture of those first 
nuclear-powered units is apparent 
when you see they have been 
functioning effectively for ten 
years, with a long life expectancy 
still ahead of them. 


“The nuclear experience evolved 
into the development of pacemaker 
technology that utilized the nuclear- 
precise production and quality 
assurance techniques perfected 
when working on the AEC contract. 


“ARCO Medical Products Company 
helped develop the advanced and 
exclusive lithium thionyl chloride 
power cell, which does not build up 
internal pressure. ARCO Medical 


Products Company developed the 
triple encapsulation process which 
virtually solved the problem of 
invasion and migration of moisture 
within the generators. 

ARCO Medical Products Company 
developed both a component and 
a total unit ‘burn-in’ process which 
virtually eliminates initial failures. 
In these ways, and in many others, 
ARCO Medical Products Company 
has succeeded in significantly 
improving the predictability of the 
pulse generator. 


“We are a concerned company, 
and this concern has led us to a 
“commitment that no other pulse 
generator company matches: 
improved pulse generators 





supported by a ‘no-nonsense’ 
product guarantee. In essence: 


1. In the event an ARCOlith™ 
pulse generator becomes 
defective for any reason up to 
and including 60 days follow- 
ing implant, ARCO Medical 
Products Company will furnish 
a replacement pulse generator 
at no charge and pay all 
surgical and hospital costs as 
established by third-party 
insurance company pay 
schedules* 


2. In the event an ARCOlith pulse 
generator becomes defective 
for any reason after 60 days 
following implant up to the end 
of the warranty period* ARCO 
Medical Products Company 
will furnish a replacement 
pulse generator at no charge 
and pay up to a total of $200 
for surgical and hospital costs 
over third-party insurance 
company pay schedules* 


“Be involved. Take a stand by 
communicating your thoughts to 
us. Whatever your concerns may 
be regarding our products, our 
business philosophy, or your 

hopes for the future of pacemaker 
technology, we would like to hear 
from you. Kindly use the form on 
the following page to jot down your 
thoughts and mail them to me. It will 
be a pleasure to share your ideas” 


Viae Toria 


*Refer to warranty for complete details. 


ARCOlith™ 12, 6, and 4 are now the trade names for pulse 
generator models LI-2, LI-4 and LI-3. 


Wed like to hear from you. 


ARCO Medical Products Company 
invites you to communicate your 
thoughts regarding implantable 
pulse generators or manufacturer- 
physician relationships. 


Get involved. Take a stand. Tell us Page Thompson, President 
what's on your mind so we canbe = ARCO/Medical Products Company 
of better service to you and your Subsidiary of Atianticnienneldcompany 


4 r . 500 Market Street 
patients in the future: Philadelphia, PA 19101 


Subject: 





Name 





Address. 





City 





State Zip 


ARCO/Medical Products Company <} 


Subsidiary of AtlanticRichfieldCompany 





Improving the predictability of cardiac pacing 


Corporate Headquarters Technical Center Operations 
1500 Market Street 101 Sherman Avenue P O. Box 546 
Philadelphia, PA 19101 Vandergrift, PA 15690 Leechburg, PA 15656 


(215) 557-2000 (412) 568-3663 (412) 845-8111 


4 
4 


Trachea—Innominate Arte 


Fistula: 


Successful Management of 3 Consecutive Patients 


Joel D. Cooper, M.D. 


ABSTRACT  Trachea—innominate artery fistula is an 
uncommon but frequently fatal complication of 
tracheostomy. Three successive patients who de- 
veloped this complication while receiving ventilatory 
assistance through a tracheostomy tube were success- 
fully managed, with long-term survival. Bleeding 
was controlled by direct digital pressure on the in- 
nominate artery or by hyperinflation of the balloon 
cuff of the tracheostomy tube. In 2 patients, replace- 
ment of the tracheostomy tube with an orotracheal 
tube improved direct access to the innominate artery 
for digital compression. Late follow-up examination 
of the right carotid circulation revealed complete re- 
versal of flow in the right internal and common 
carotid arteries in the 2 patients studied. 


Trachea—innominate artery fistula is an un- 
common but usually fatal complication of 
tracheostomy. A recent report by Jones and as- 
sociates [4] reviewed 137 cases recorded in the 
world literature, with 10 long-term survivors. 

Successful management of trachea—innom- 
inate artery fistula requires prompt recogni- 
tion and a series of specific maneuvers. We 
recently managed 3 consecutive patients who 
developed trachea—innominate fistula while re- 
ceiving ventilatory support through a cuffed 
tracheostomy tube. The complication was suc- 
cessfully managed, with long-term survival in 
each case. The purpose of this report is to iden- 
tify criteria for recognition of this complication 
and to outline in detail the management of these 
patients. 


From the Division of Thoracic Surgery, 1-131 University 
Wing, Toronto General Hospital, Toronto, Ont, Canada 
M56-1L7. 
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Patient 1 

A 13-year-old boy was admitted to the hospital 
on October 28, 1975, with a head injury sus- 
tained when he was struck by an automobile 
while riding his bicycle. He was comatose on 
admission, with fixed, dilated pupils and de- 
cerebrate posturing. A large frontoparietal 
hematoma was present. He was immediately 
taken to the operating room, where a left tem- 
poral craniotomy was performed with bilateral 
frontal burr holes and a right temporal burr hole. 
An extradural hematoma was found on the left 
side, and a small subdural hematoma was found 
on the right side. A tracheostomy was per- 
formed at the end of the procedure. 

Postoperatively the patient showed no recog- 
nizable improvement, and he continued to have 
decerebrate posturing. He was treated with 
muscle relaxants and ventilatory support. On 
the sixth hospital day bright red bleeding was 
observed around the tracheostomy tube and 
from the nasopharynx. After a blood loss of ap- 
proximately 500 ml, the bleeding ceased spon- 
taneously. The tracheostomy tube was removed 
and the patient underwent bronchoscopy. No 
source of bleeding was found. A trachea- 
innominate artery fistula was suspected. 

The tracheostomy tube was removed to pro- 
vide ready access to the innominate artery, and 
ventilation was continued through a cuffed oro- 
tracheal tube. Three hours later, massive bleed- 
ing recurred from the tracheostomy site. This 
was promptly controlled with digital pressure 
through the wound against the posterior aspect 
of the innominate artery (Fig 1). The patient was 
taken to the operating room while digital control 
of the bleeding was maintained. 

The cervical tracheostomy incision was ex- 
tended to the right, and a vertical midline inci- 
sion was made from the tracheostomy site down 
to the midsternum. A partial upper median 
sternotomy was made with horizontal extension 
into the right third interspace. This provided 
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Fig 1. (Patient 1.) The tracheostomy was placed too 
low, as seen in A. When premonitory hemorrhage 
occurred, an orotracheal tube was initially 
positioned above the tracheostomy tube (B). When 
bleeding recurred the tracheostomy tube was 
removed, the orotracheal tube advanced, and digital 
compression of the innominate artery applied, as 
seen in C. 


good exposure of the ascending aorta, the in- 
nominate artery and vein, and the origins of the 
right common carotid and subclavian arteries. 
Vascular clamps were placed at the proximal and 
distal ends of the innominate artery. The 
trachea—innominate artery fistula was iden- 
tified at the inferior border of the tracheostomy 
stoma. It was apparent that the original trache- 
ostomy stoma had been situated approximately 
at the seventh tracheal ring. The stoma had sub- 
sequently enlarged, to leave a defect 3 rings in 
length and involving the entire anterior half of 
the tracheal circumference. Only 2 cm of intact 
trachea remained between the lower border of 
the stoma and the carina. The soft tissues around 
the fistula site were grossly infected and foul 
smelling. Culture of a piece of the innominate 
artery subsequently yielded anaerobic strep- 
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tococci, and bac- 
teroides. 

The innominate artery was resected as com- 
pletely as possible, with just enough preserved 
distally to maintain continuity between the 
right subclavian and right common carotid ar- 
teries. The arterial stumps were closed with 
running arterial suture material and were buried 
in adjacent soft tissue. The sternotomy was 
closed with heavy-gauge interrupted stainless 
steel wire. The neck incision was left widely 
open for drainage and was packed with sponges 
soaked in neomycin. The sponges were re- 
moved completely and replaced each hour dur- 
ing the next ten days. Initially the aortic suture 
line was exposed and was visible through the 
cervical wound. An orotracheal tube, fitted with 
a low-pressure cuff, was used for postoperative 
ventilation. The tracheal defect was located too 
distal to permit the cuff of the orotracheal tube to 
be placed below the defect, and the cuff was 
positioned at the level of the defect, through 
which it protruded anteriorly. After ten days the 
wound was clean and granulating. At that time 
the orotracheal tube was removed and the 
tracheostomy tube was reinserted. Postopera- 
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tively there was no detectable change in the pa- 
tient’s neurological status. There were no signs 
of vascular insufficiency in the right hand. 

Three weeks following resection of the in- 
nominate artery, the patient underwent bron- 
choscopy. There were exuberant granulations at 
the site of the anterior tracheal defect. In the 
hope of preventing tracheal narrowing during 
the healing phase, a No. 14 Montgomery Silastic 
T-tube was placed in the trachea with the hori- 
zontal limb protruding through the stoma. The 
upper limb extended well above the damaged 
area of trachea, and the lower limb was short- 
ened so that it ended just above the carina. 

Twenty-four days following innominate ar- 
tery resection the sternotomy incision was 
found to be infected. Because the sternotomy 
had been a partial one, the infection and non- 
union caused no serious problem, and the 
wound eventually healed with drainage and 
antibiotic therapy. 

The patient made a very gradual neurological 
recovery. Two months following admission he 
was able to sit up and appeared to be aware of 
his surroundings. He began to say a few words 
during his third month in hospital, and at the 
end of that month he was discharged to the 
Crippled Children’s Centre for further rehabili- 
tation. He continued to show steady improve- 
ment and eventually made a complete physical 
and neurological recovery with no residual def- 
icit. He was able to make up all lost school work 
and to rejoin his regular class the following Sep- 
tember. 

The Silastic T-tube was replaced after one 
month because of partial occlusion with sticky 
secretions. The new tube remained in place 
without incident for eight more months before 
being removed. Bronchoscopy at that time 
revealed normal tracheal caliber throughout. A 
tracheogram taken three months later showed 
no detectable tracheal abnormality. 

Nine months following innominate artery re- 
section, a directional Doppler apparatus was 
used to record blood flow in the right arm and in 
the right internal and common carotid arteries. 
There was complete reversal of blood flow in the 
right common and right internal carotid arteries. 
Blood pressure in the right arm was 80 mm Hg 
with a somewhat damped arterial wave form. 
Blood pressure in the left arm was 100 mm Hg. 


Patient 2 

An 18-year-old girl was admitted on November 
28, 1975, following an automobile accident in 
which she was thrown from the vehicle. She was 
found unconscious at the roadside and brought 
to the hospital, where she was found to have 
multiple rib fractures and paradoxical move- 
ment of the chest. She was intubated and given 
ventilatory support. She was comatose with de- 
cerebrate posturing and was believed to have 
suffered a brainstem injury. Carotid arterio- 
grams were unremarkable. 

A tracheostomy by means of a cuffed metal 
Jackson tube, was performed on the fifth hospi- 
tal day. Six days later, bright red bleeding ap- 
peared around the tracheostomy site. Thirty 
minutes after this discovery the bleeding be- 
came very brisk, and a diagnosis of trachea- 
innominate artery fistula was made. Hyperinfla- 
tion of the tracheostomy cuff failed to control the 
hemorrhage completely, and the patient's distal 
airway was flooded with blood. With the 
tracheostomy tube still in place, a rigid bron- 
choscope was passed through the mouth and 
down the trachea behind and beyond the 
tracheostomy tube (Fig 2). This forced the 
tracheostomy tube and cuff forward against the 
innominate artery and stopped the hemorrhage. 
The airway was cleared of blood through the 
bronchoscope, which was then withdrawn 
without recurrence of bleeding. An orotracheal 
tube was placed with its tip remaining proximal 
to the tracheostomy tube. This provided an al- 
ternate airway if removal of the tracheostomy 
tube became necessary to allow direct digital 
control of the innominate artery. The patient 
received 4 units of whole blood and was taken to 
the operating room, where massive hemorrhage 
recurred before the operation was begun. The 
tracheostomy tube was removed, the orotra- 
cheal tube was advanced into the distal trachea, 
and the cuff was inflated. Hemorrhage was con- 
trolled by direct digital pressure on the posterior 
aspect of the innominate artery through the 
tracheostomy wound. The tracheobronchial tree 
was irrigated with successive 10 ml aliquots of 
saline to thin out the blood and allow its removal 
by suction. 

The operative procedure in this patient was 
the same as that for Patient 1. The tracheostomy 
stoma was found at approximately the fifth 


442 The Annals of Thoracic Surgery Vol 24 No 5 November 1977 





Fig 2. (Patient 2.) The tracheostomy tube was 
positioned too low (A). Hemorrhage from the 
innominate artery resulted from tube erosion (B). 
The rigid bronchoscope was passed to clear blood 
from the airways. Forward pressure on the 
tracheostomy tube and cuff by the bronchoscope, 
(C) stopped the bleeding. 


tracheal ring, with the innominate fistula at the 
lower edge of the tracheal defect. The defect in 
the innominate artery was close to its origin 
from the aorta. A partially occluding aortic 
clamp was applied to permit resection of all in- 
flamed or damaged innominate artery, and the 
proximal suture was placed flush with the aortic 
arch. Figure 3 depicts the operative findings in 
this patient. 

Ventilation was maintained postoperatively 
with an orotracheal tube fitted with a large- 
volume, low-pressure cuff. The cuff was posi- 
tioned distal to the tracheal stoma. Gauze 
sponges soaked in neomycin were used to pack 
the open cervical wound, and these were 
changed hourly during the first seven days. At 
that time the tracheostomy tube was reinserted 
through the original stoma and the orotracheal 
tube was removed. The sternotomy wound 
healed primarily. 

The patient was unresponsive, with decorti- 
cate posturing prior to and following the in- 
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nominate artery resection. No change occurred 
in her clinical status, pupil size, or EEG post- 
operatively, but as the patient never regained 
full consciousness, it was not possible to make a 
complete neurological assessment. The right 
hand retained excellent color and showed no 
evidence of vascular insufficiency. 

The patient was weaned from mechanical ven- 
tilation and the tracheostomy tube was removed 
seven weeks following admission. Three weeks 
later bronchoscopy was performed to examine 
the trachea. The tracheal caliber was normal. 
Granulation tissue was visible anteriorly at the 
stomal site. A blue loop of suture material was 
seen protruding from this granulation tissue 
into the lumen of the trachea. This was gently 
grasped and removed with the biopsy forceps 
without incident, delivering the entire aortic su- 
ture line intact. Presumably the suture had 
sloughed and migrated to the stoma site. 

Having failed to regain full consciousness, the 
patient was transferred to a chronic care hospital 
eight months following admission. She died one 
month later. 


Patient 3 

A 35-year-old man was admitted to hospital on 
January 6, 1976, for treatment of scoliosis due to 
poliomyelitis as a teenager. Several days after 
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Fig 3. (Patient 2.) Operative photograph and line 
interpretation. The innominate artery has been 
divided distally. The tip of an instrument has been 
passed through the divided end of the artery and 
out the fistula site. The balloon cuff of the 
orotracheal tube is visible through the tracheal 
defect (arrows). 


admission, the patient underwent the first stage 
of a procedure designed to partially correct the 
scoliosis. This included use of halopelvic trac- 
tion and posterior vertebral osteotomies at 
seven levels. Because of marked respiratory re- 
striction from his deformity, the patient re- 
quired postoperative ventilatory support, 
which was administered through an orotracheal 
tube for two days and subsequently through a 
tracheostomy tube. The tracheostomy was dif- 
ficult to perform because of the traction ap- 
paratus, but the tracheostomy stoma was placed 
at the second or third tracheal ring. 


Three weeks following tracheostomy the pa- 
tient developed a massive arterial hemorrhage 
from the oropharynx. Blood also appeared 
around the tracheostomy tube, but no blood was 
present in the airway below it. Initially the 
hemorrhage was believed to represent massive 
hematemesis; later it was thought to represent 
bleeding from the nasopharynx. Naso- 
pharyngeal packing failed to control the 
hemorrhage, and after 15 units of blood had 
been transfused, innominate artery hemorrhage 
was suspected. Hyperinflation of the tracheos- 
tomy cuff and forward leverage of the tracheos- 
tomy tube promptly stopped all bleeding. An 
orotracheal tube was passed and left above the 
tracheostomy tube as an alternate airway in case 
the tracheostomy tube had to be removed to 
allow direct digital pressure on the innominate 
artery (Fig 4). 

The patient was taken to the operating room 
with the tracheostomy tube still in place. The 
tracheostomy incision was extended to the 
right, and an upper, partial median sternotomy 
was performed with extension into the right 
third interspace (as in Patients 1 and 2). The 
tracheal stoma was found to have enlarged in- 
feriorly to a length of three tracheal rings. The 
innominate artery was fused to the trachea just 
at the inferior edge of the elongated stoma. The 
operative procedure used was the same as for 
Patients 1 and 2. 

No neurological alteration resulted from the 
innominate artery resection, and the right hand 
maintained excellent color postoperatively. The 
cervical wound was left open and packed with 
gauze sponges soaked in neomycin, which were 
changed hourly for the next ten days. At that 
time the orotracheal tube was removed and the 
tracheostomy tube was reinserted. 

The patient subsequently had a complicated 
hospital course, including recurrent upper gas- 
trointestinal bleeding, acute cholecystitis, re- 
current pneumonia, respiratory failure, peptic 
stricture of the esophagus, and other problems. 
He was discharged almost a year later. 

Measurements of blood flow in the right bra- 
chial and carotid arteries were made at nine 
months by means of the directional Doppler ap- 
paratus. There was complete reversal of blood 
flow in the right internal and right common 
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Fig 4. (Patient 3.) (A) The tracheostomy tube was 
correctly placed. Erosion presumably occurred 
because of a high innominate artery. 
Trachea—innominate artery fistula was suspected 
only after loss of 15 units of blood. At that point, 
hyperinflation of the cuff and a forward pull on the 
tracheostomy tube stopped the bleeding promptly 
(B). The orotracheal tube was inserted to provide an 
alternate airway in case the tracheostomy tube had 
to be removed to allow digital compression of the 
innominate artery. 


carotid arteries. Blood pressure was 75 mm Hg 
in the right arm and 109 mm Hg in the left arm. 


Comment 


In each patient the innominate artery fistula ap- 
peared to be the result of direct pressure from 
the elbow of the tracheal cannula resting against 
the innominate artery, as described by Silen [8] 
in 1964. In the first 2 patients, the tracheostomy 
stoma had been placed too low and the compli- 
cation was presumably preventable. In the third 
patient, the tracheostomy was correctly placed 
and the complication resulted either from a 
high-lying innominate artery or to downward 
migration of the tracheal cannula from leverage 
on the tube due to the patient’s deformity. 

A diagnosis of trachea—innominate artery fis- 
tula should be considered in any patient who 
has fresh arterial bleeding around or through the 
cannula several days or more after tracheos- 
tomy. A transient premonitory hemorrhage fre- 
quently occurs several minutes or hours before 
the major hemorrhage. After such a limited 
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bleeding episode, even removal of the tracheos- 
tomy tube and bronchoscopy may fail to disclose 
the true source of bleeding. If the source of the 
bleeding cannot be positively identified and in- 
nominate artery hemorrhage excluded, the pa- 
tient should be taken promptly to the operating 
room for direct exploration of the neck and 
upper mediastinum to rule out a trachea- 
innominate artery fistula. This exploration can 
be done by enlarging the tracheostomy incision 
laterally. It does not require sternotomy. 

When trachea-innominate artery fistula is 
first suspected, an orotracheal tube should be 
inserted proximal to the tracheostomy. This 
provides for an immediate alternate airway so 
that the tracheostomy tube can be removed if 
necessary to allow digital access to the posterior 
aspect of the innominate artery. The technique 
of digital control of bleeding from an innomi- 
nate artery fistula has been described in detail 
by Utley and colleagues [9] and basically in- 
volves inserting the index finger between the 
trachea and the innominate artery and compress- 
ing the artery against the back side of the ster- 
num. 

Once the diagnosis of innominate artery fis- 
tula is confirmed, a partial upper sternotomy 
with lateral extension into the third interspace 
should be performed. A complete sternotomy is 
not required and is potentially hazardous be- 
cause the operative field is usually contaminated 
and an infected complete sternotomy can be a 
serious complication. With a partial sternotomy, 


445 Cooper: Trachea—Innominate Artery Fistula 


infection and nonunion, such as occurred in Pa- 
tient 1, is a relatively minor problem. 

Resection of the left innominate vein is not 
necessary in these instances because adequate 
exposure can be obtained by retracting the vein 
superiorly. The decision to resect the innomi- 
nate artery completely in all patients was based 
on reports indicating that attempts to repair or 
reconstruct the innominate artery under these 
circumstances were frequently followed by re- 
bleeding at the suture line [2, 3, 6, 8]. That sac- 
rifice of the innominate artery rarely causes de- 
tectable neurological alteration has been well 
documented [1-9]. As far as we could deter- 
mine, innominate artery sacrifice caused no 
neurological defect in our 3 patients. We have 
had additional experience with a 68-year-old 
woman who underwent innominate artery re- 
section without neurological consequence. 

‘Vascular reconstruction through the infected 
operative field is unwarranted. A carotid- 
carotid, or right femoral~axillary artery graft, 
could be established through a clean field if the 
need for revascularization somehow became 
apparent following the innominate artery resec- 
tion. 

The decision to preserve the right carotid- 
subclavian bifurcation was based upon concern 
for the blood supply to the right upper extrem- 
ity. No patient demonstrated any indication of 
vascular compromise to the right hand. In 2 pa- 
tients a weak right radial pulse was palpable 
postoperatively. In spite of reversal of flow in 
the right internal carotid artery, symptoms of a 
subclavian steal have not subsequently ap- 
peared in the 2 patients who have completely 
recovered. 

The need for postoperative ventilatory sup- 
port complicated the management of these pa- 
tients. In each, an orotracheal tube fitted with a 
low-pressure cuff was used postoperatively. The 
cervical incision was left open for drainage of the 
neck and upper mediastinum. The neomycin- 
soaked sponges, packed into the wound, were 
changed hourly for at least a week. In 2 patients 
the proximal innominate suture line was visible 
through the neck wound and lay in an infected 
area. Meticulous wound care given by the nurs- 
ing staff was obviously important in preventing 
infection and disruption of these suture lines. 


After seven to ten days the wounds were clean 
and granulating, and replacement of the 
tracheostomy tube through the original stoma 
presented no hazards. 

In each patient the anterior tracheal defect was 
not repaired but was allowed to close by granu- 
lation. In Patient 1, who had a major anterior 
and lateral tracheal defect, a Silastic T-tube was 
inserted and left in place for nine months to 
ensure against tracheal stricture during the heal- 
ing phase. If complete circumferential tracheal 
damage were present, tracheal stenosis might 
eventually result even with long-term stenting 
with a Silastic T-tube. Tracheal resection at a 
later date, however, seems preferable to tracheal 
resection at the time of innominate artery resec- 
tion. This is especially true if continued post- 
operative ventilatory support is anticipated. ` 

The 3 patients presented illustrate the poten- 
tial for long-term survival following trachea- 
innominate artery fistula. Such survival was 
made possible by the absence of other poten- 
tially fatal injuries or complications so often oc- 
curring in patients who require ventilatory as- 
sistance. 

Innominate artery fistula must be assumed in 
any patient with major fresh arterial bleeding 
through or around the tracheostomy site. Spon- 
taneous cessation of the bleeding, or easy con- 
trol with packing, must not be interpreted as an 
indication that such a fistula does not exist. In 
the event of massive hemorrhage from the in- 
nominate artery, survival is possible only if 
good fortune finds someone nearby who recog- 
nizes the problem and knows how to obtain 
emergency control of the hemorrhage. With dig- 
ital control of the bleeding and establishment 
of an airway at the bedside, the complication is 
under control. The patient can then be trans- 
fused and transferred to the operating room in 
an orderly fashion for definitive treatment. 
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Discussion 

DR. JAMES S. DONAHOO (Baltimore, MD): We too have 
had experience with 3 patients who have had recent 
trachea—innominate artery fistulas. All3 patients had 
tracheal resection: 2 had primary tracheal anas- 
tomoses and 1 had insertion of a Nevill prosthetic 
device, All developed severe hemorrhage after this 
and usually demonstrated a premonitory show of 
minor bleeding. 

Unlike Dr. Cooper, we performed arterial bypass 
on all 3 patients. One patient had a vein graft placed 
between the arch of the aorta and the carotid artery; 1 
had a carotid-carotid bypass, and 1 underwent axil- 
lofemoral bypass. Although 1 patient died of a my- 
cotic aneurysm of the aortic arch, 2 are living two 
years postoperatively without neurological sequelae. 

Very frequently a trachea~innominate artery fistula 
can be subtle on arteriographic demonstration. In 1 
patient who was operated on thrcugh a sternotomy 
incision, a vein graft was utilized to bypass the in- 
fected area. 

When there is a resected aneurysm and interpolated 
graft, we like to place as much soft tissue as we can 
between the trachea and the suture line. We think this 
may protect the arterial suture line. 

We agree with Dr. Cooper that a high index of 
suspicion should be maintained in any patient with a 
tracheal resection or tracheostomy, even if hemop- 
tysis is apparently minor. Artericgrams should be 
taken and an operating room should be made ready 
immediately for an operative approach. We think that 
a vein bypass or some type of arterial bypass should 
be performed first, if this is possible without jeopar- 
dizing the patient. Whereas Dr. Cooper has shown 
that his patients have experienced no immediate neu- 
rological complications, the late results of depriving 
the brain of blood may not be readily apparent in 
short-term follow-up. 


We also believe that attempts should be made to 
protect the tracheal or arterial suture line, if possible, 
by interposing soft tissue, muscle, or even pericar- 
dium. 


DR. HERMES C. GRILLO (Boston, MA): I want to em- 
phasize that with tracheostomy tubes in place, there 
are two basic types of fistulization. These differ in 
etiology, emergency treatment, definitive treatment, 
and prevention. Years ago Dr. Silen wrote about the 
more common type in which the inner “elbow” of the 
tracheostomy tube erodes the artery lying im- 
mediately below the stoma. 

It is interesting to note that 2 of Dr. Cooper's pa- 
tients were young. This type of erosion occurs more 
easily in young persons. Because the trachea and in- 
nominate artery rise up on cervical extension, the 
tracheostomy is placed too low in the trachea. This is 
the principal origin of such stomal trachea- 
innominate artery fistulas. 

Other trachea~innominate fistulas result from 
high-pressure cuffs eroding directly through the 
walls (as in Patient 3 in the present study). The 
emergency management that we have used in stomal 
erosion has been digital pressure plus insertion of an 
airway. When the erosion occurred some distance 
below the stoma, alert residents have used an endo- 
tracheal tube with a high-pressure cuff to tamponade 
the hole until the patient could be operated on. 

In the first group the artery should be resected. The 
stoma remains and heals on its own. If stenosis occurs 
later, itis then repaired. On the other hand, if fistulas 
result from high-pressure cuffs—which are being 
used less and less—one should usually resect the 
tracheal segment concomitantly with resection of the 
innominate artery. 

In our experience with at least 8 patients, drawn not 
entirely from the aforementioned group, in whom the 
innominate artery had been resected for acute hemor- 
rhage, no neurological problems have resulted. Their 
ages ranged upward to 55 years. We therefore support 
Dr. Cooper’s approach and prefer not to introduce 
into a contaminated field what I think is the threaten- 
ing problem of vascular reconstitution. 


DR. JOE R. UTLEY (Lexington, KY): We have treated 3 
patients who survived this complication. I think our 
basic approach, with only minor differences, has 
been similar to that described by Dr. Cooper. 

It is important to recognize that there are still many 
patients dying from trachea~innominate artery fis- 
tulas because of low tracheostomy. The physician 
available to them at the time of the bleeding often 
doesn’t know that the immediate treatment is digital 
pressure on the fistula. We emphasize this to our 
junior residents, general surgeons, and otolaryn- 
gologists who manage a large number of patients with 
tracheostomies. 


we 
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The other common error is failure to recognize the 
bleeding as arterial because the patient is hypoxic and 
the blood is black. Frequently we find that it is de- 
scribed as venous bleeding, when actually it is com- 
ing from the artery but the patient is very hypoxic. 

Dr. Cooper has emphasized resecting the innomi- 
nate artery and packing open the tracheostomy site. 
We have taken an alternative approach, that of not 
resecting any innominate artery but merely suturing 
it shut, closing the tracheostomy, placing a tracheal 
stoma at a higher position, or using an orotracheal 
tube for several days. This is a situation in which 
ericothyroidotomy may be helpful, but we have 
merely taken the opposite tack of trying to close the 
trachea and not resect the innominate artery. Patients 
can live without their innominate artery without any 
immediate neurological deficit, and it is possible in 
the long term that they might need some sort of cervi- 
cal bypass approach. 


DR. RICHARD N. EDIE (New York, NY): We agree with 
Dr. Cooper’s aggressive diagnostic and therapeutic 
approach to this problem. We would like to comment 
on one aspect of the operative management. 

Once the presence of the fistula is demonstrated by 
arteriotomy, it is necessary to resect the innominate 
artery completely. The proximal end is oversewn first 
and allowed to retract inferiorly. However, the distal 
end of the innominate artery will not retract 
superiorly and laterally due to the two-point fixation 
of the junction of the right common carotid and right 
subclavian arteries. Thus we believe it is necessary to 
divide and ligate these two arteries individually so as 
to allow for their adequate retraction from the infected 
operative field. This maneuver will decrease the 
chance of a later vascular complication. 


DR. COOPER: I thank the discussants for their com- 
ments. I agree with Dr. Ferguson’s statements in his 


presidential address (Ann Thorac Surg 24:6, 1977) to 
the effect that those who have failed to learn the 
lessons of history are doomed to repeat them. But 
somehow I am being forced to go through purgatory 
due to the errors of others who haven’t learned the 
history of innominate artery injury with low-lying 
tracheostomies. In reviewing the operative note on 1 
case, I noticed that the resident had indeed counted 
the tracheal rings and duly recorded that the stoma 
was placed in the second and third rings. In this 
patient, the stoma was actually in the seventh and 
eighth rings; maybe the resident was counting from 
the wrong end. 

I would like to congratulate Dr. Donahoo on his 
successful revascularization. I do think, however, 
that under the circumstances perhaps it represents 
an unwarranted hazard, because we hear increas- 
ingly that people will tolerate resection of the 
innominate artery. Two of our patients have sur- 
vived a year after resection with no apparent neuro- 
logical problems. 

I would like to thank Dr. Grillo, not only for his 
comments but for the personal instruction he has 
given me over the years, including the management 
of this type of problem. Dr. Edie’s remark on the 
upward retraction of suture lines is important. We 
have left the carotid-subclavian axis in place but dis- 
sected it out enough so that we could bury it well 
behind the sternocleidomastoid muscle. 

Finally, as we have pointed out, Dr. Utley pre- 
viously documented the maneuver of digital com- 
pression of the innominate artery. He thus 
popularized a maneuver previously recorded by the 
famous Von Spondom of Holland, better known to 
you as Peter, the young boy who put his finger in the 
dike. Dr. Utley’s previous manuscript pointed out 
how to apply this maneuver successfully to the in- 
nominate artery. 


Hiatus Hernia and the Respiratory Tract 


Thomas L. Lomasney, M.D. 


ABSTRACT 
common but sometimes obscure manifestations of 
gastroesophageal reflux, the etiology of which may 
be more difficult to uncover when respiratory symp- 
toms predominate. In 300 consecutive patients who 
underwent surgical correction for gastroesophageal 
reflux, 129 (43%) had major respiratory complaints. 

Group 1 patients (82, or 64%) were those referred 
for respiratory problems alone. In Group 2 (patients 
referred because of peptic complaints), 47 had as- 
sociated respiratory problems in various combina- 
tions, including an additional 10 patients who had 
bronchiectasis. Treatment with appropriate surgical 
resection, in addition to antireflux procedures, was 


Hoarseness, asthma, and bronchitis are 


carried out in these people. 

Noticeable relief of respiratory symptoms was ob- 
tained in 96 (74%) of the 129 patients; 30 were im- 
proved and 2 were unchanged. Recurrent hiatus her- 
nia or esophagitis was documented in 21 (7%) of the 
300 patients. 


The ravages of reflux are not confined to the 
esophagus. Because ulceration and stricture are 
seen infrequently in private practice, the respi- 
ratory tract is more vulnerable to such reflux 
than is the esophagus. Literature in the preanti- 
biotic era includes many instances of lung ab- 
scesses associated with frankly obstructive le- 
sions of the esophagus, such as carcinoma and 
achalasia. The more subtle nocturnal aspirations 
and the modification of resulting pulmonary in- 
fections by antibiotic administration in the un- 
obstructed patient have obscured the relation- 
ship to many. Lung abscess is rarely seen; 
hemoptysis, in the absence of organic heart dis- 
ease, is regarded as a pulmonary peculiarity; 
asthma is invested with a plethora of icons. 
Of the 300 patients reviewed here who un- 
derwent repair of hiatus hernia, 129 (43%) had 
associated respiratory problems; of these, 82 
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(64%) were referred solely for the evaluation 
of such complaints (Group 1). 

The left lower lobe was involved in 18 of 24 
patients with bronchiectasis. This corresponds 
exactly to Belsey’s findings in which broncho- 
graphic studies localized the process in the left 
lung three times as commonly as in the right. 
Middle lobe involvement occurred in 4 patients, 
singly in 2 and associated with right lower lobe 
involvement in 2. 

Thirteen patients with bronchiectasis under- 
went pulmonary resection in addition to antire- 
flux procedures. Foliow-up showed excellent re- 
sults in 8, whereas an additional 4 were im- 
proved. One patient with hemoptysis had sub- 
sequent hemoptysis, although all apparent 
bronchiectasis was excised at the time of hernia 
repair. An antireflux procedure alone was done in 
11 patients who had minimal bronchiectasis and 
who have been followed with a wait-and-see 
attitude. Four of these are well, 6 are improved, 
and 1 is unchanged since hernia repair, and 
resection is not anticipated in them unless 
further problems develop. 

Sixteen patients had asthma. Of the 5 with 
severe asthma 4 are well and 1 has intermittent 
problems, although presently of lesser mag- 
nitude. Nine of the remaining 11 asthmatic pa- 
tients were in good health, and 2 were improved 
when dismissed after a follow-up of at least 
twelve months. 

‘Hemoptysis was seenin 5 patients. Four of the 
5 reported no further episodes postoperatively. 

‘Table 1 gives a breakdown of Group 1 pa- 
tients. Bronchoscopy and esophagoscopy in 
conjunction with bronchography and barium 
studies were used to establish the diagnosis. 
When indicated, appropriate pulmonary resec- 
tions were done. i 

The 34 patients who complained of hoarse- 
ness and the 21 with intermittent sore throat are 
not listed in the table. These symptoms were in 
addition to the major complaints and were most 
often present on waking and usually gone.by 
midday. There were no instances of local disease 
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Table 1. Respiratory Complaints of 82 Patients 
with Gastroesophageal Reflux 








No. of 
Complaint Patients 
Cough and sputum 46 
(bronchitis) 

Bronchiectasis 14 
Asthma 10 
Laryngitis 7 
Hemoptysis 5 

Total 82 


Table 2. Peptic Problems of 47 Patients Who Had 
Associated Pulmonary Complications 


Problem Incidence* 
Cough and sputum 46 
(bronchitis) 

Shortness of breath 31 
Laryngitis 27 
Sore throat 21 
Bronchiectasis 10 
Asthma 6 
Lung abscess 1 

Total 142 


“Total reflects the sum of multiple complaints in some pa- 
tients. 


at endoscopy. All these patients were relieved 
when reflux was checked. 

Table 2 is an analysis of Group 2 patients who, 
although seeking relief from their peptic com- 
plaints, had major coexisting respiratory symp- 
toms, some with multiple problems. The re- 
sults of surgical repair in the 129 operated pa- 
tients are presented in Table 3. 

Shortness of breath is associated in varying 
degrees with most hiatus hernias. Almost all of 
our 300 patients reported improvement in 
breathing postoperatively, even though many 
had not considered dyspnea a symptom in- 
itially. It is doubtful whether meaningful figures 
can be produced, but it appears that controlling 
reflux in patients who have obstructive pulmo- 
nary disease improves the ability to breathe, and 
we advance this as an added operative indica- 
tion. 


Comment 


Aspiration pneumonitis, bronchiectasis, and 
pulmonary fibrosis attributed to esophageal 
obstruction in achalasia were noted by Plummer 
and Vinson [10] in 1921, but the relationship of 
pulmonary complications associated with gas- 
troesophageal reflux was more elusive and was 
mentioned only briefly by Lindskog and Liebow 
[6] in 1953. In 1960, Belsey [2], analyzing a large 
personal series, established criteria to justify 
this relationship but urged caution in adopting a 


Table 3. Results following Hiatal Hernia Repair in 129 Patients 


No. of 
Symptom Patients 
Asthma 16 
Cough and sputum 76 
(bronchitis) 
Bronchiectasis, 13 
significant® 
Bronchiectasis, 11 
minimal 
Hemoptysis 5 
Laryngitis 7 
Lung abscess 1 
Total 129 


Well Improved No Change 
13 3 
59 17 
8 4 1 
4 6 1 
4 1 
7 
96 (74%) 30 (23%) 3 (3%) 





“Pulmonary resections were done in addition to herniorrhaphy in the 13 with major bronchiectasis. 
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new concept at that time. A 10% incidence of 
respiratory complications noted by Paulson, 
Shaw, and Kee [9] in 1961 rose to over 50% in the 
1967 series reported by Urschel and Paulson 
[12], reflecting an increased appreciation of the 
importance of gastroesophageal reflux in a se- 
lected series of patients. 

In 1952, Storey [11] reported that the fre- 
quency with which gastroesophageal reflux was 
responsible for pulmonary suppuration had not 
been fully recognized. He stated that hemop- 
tysis was often the presenting symptom of a 
patient “whose primary pathology was reflux 
esophagitis.” 

Overholt and Vorrhees [8] reported that 
hiatus hernia with reflux had been found in 30% 
of all asthmatic patients studied at their clinic. 
Eighteen of 24 patients who underwent hernia 
repair were improved or were relieved com- 
pletely. Urschel and Paulson [12] reported 
marked relief of asthmatic symptoms in 24 of 27 
operated patients; similar success has been ob- 
tained in the present series. 

In 1965, Meadows [7] reported that 48 of 100 
patients with sliding hernia admitted to hoarse- 
ness on questioning. Transthoracic repair of the 
hernia relieved symptoms in 18 of 25. 

Flavell [5] stated that breathlessness is a symp- 
tom almost wholly ignored by those who have 
written about hiatus hernia. Patients who deny 
breathlessness prior to operation often remark 
on the improvement afterward. 

The relationship between gastroesophageal 
reflux and respiratory infirmities has been 
further reinforced by this series of patients. 
Understandably, this subject has not been men- 
tioned in an earlier textbook of medicine [3]. 


What is surprising, however, is that it received 
no mention in a new two-volume work pub- 
lished in 1975 [1]. It appears that there is much to 
be done in extending our lines of communica- 
tion. 
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Editor’s Note 


Many surgeons might wish to adopt a wait-and-see 
attitude for patients like those discussed in this article 
who have undergone lobectomy to treat bronchial and 
pulmonary damage associated with aspiration of gas- 
tric contents. 


The Clinical and Physiolo 


gical 


Effect of Whole-Lung Lavage in Pulmonary 
Alveolar Proteinosis: A Ten-Year Experience 


Paul A. Selecky, M.D., Karlman Wasserman, M.D., Ph.D., 
John R. Benfield, M.D., and Maurice Lippmann, M.D. 


ABSTRACT We have utilized whole-lung lavage in 
the successful treatment of 18 patients with pulmo- 
nary alveolar proteinosis. Our ten-year experience 
includes serial evaluations of patients with disabling 
lung dysfunction who had a total of 49 whole-lung 
lavages under general anesthesia. Clinical and 
physiological responses were documented both be- 
fore and after each lavage. There were no complica- 
tions or deaths. All patients were radiographically, 
physiologically, and symptomatically improved 
within hours after the procedures. Five patients re- 
quired from two to four repeat lavages one to three 
years later. 

The treatment of this disorder has included a wide 
variety of techniques. We attribute our results to the 
use of a lung lavage technique that includes: (1) 
unilateral whole-lung lavages at two to three day 
intervals; (2) isotonic saline as the lavage solution; (3) 
use of a mechanical chest percussor during lavage; 
and (4) measuring the total thoracic compliance of 
each side in the immediate postlavage period as a 
guide for extubation. We conclude that whole-lung 
lavage is a safe, highly effective, repetitively appli- 
cable treatment for pulmonary alveolar proteinosis. 


Pulmonary alveolar proteinosis (PAP) was de- 
scribed in 1958 by Rosen, Castleman, and 
Liebow [21] as a disease process marked by fill- 
ing of the alveolar spaces of the lung with an 
amorphous periodic acid—Schiff (PAS) positive 
proteinaceous material. Since then other pa- 
tients with this disorder have been identified 
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[12]. The clinical presentation of patients with 
PAP is generally marked by variable degrees 
of dyspnea associated with concomitant 
hypoxemia. The impaired oxygenation is often 
severe and is thought to be due to filling of the 
alveolar spaces by this material. The alveolar 
septae, however, are mysteriously spared. This 
unique characteristic of primarily alveolar in- 
volvement has prompted various investigators 
to use saline lavage of the lung to remove the 
proteinaceous material. 

Ramirez-R described the technique of whole- 
lung lavage in 1965 [17], but there has been re- 
markable variation in the degree of success in 
applying it to patients with PAP. Controversy 
still exists concerning patient selection for lav- 
age, when lavage should be done, and what 
technique brings the best results. 

Our experience with the treatment of PAP has 
spanned ten years. We have previously reported 
our experience with simultaneous bilateral lung 
lavage by means of partial cardiopulmonary 
bypass in 2 small children [24]. We have also 
described our technique of unilateral whole- 
lung lavage in adults [10]. Our procedure has 
been modified as we have gained experience. 
This report summarizes our experience with 
whole-lung lavage for PAP. 


Methods 

All patients who had whole-lung lavages were 
adults 45 years of age or younger, and all had 
progressive, severe exertional dyspnea. The di- 
agnosis of PAP had been confirmed in each by 
open-lung biopsy. If the biopsy was done at 
another institution, the slides were reviewed by 
our pathologists and by us. 


Prelavage Evaluation 


Each patient was hospitalized several days prior 
to lavage. During this time a thorough history, 
physical examination, and routine laboratory 
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examination were conducted to rule out the 
presence of other pulmonary diseases. A careful 
history of any occupational or other toxic expo- 
sures was also obtained. Standard pulmonary 
function tests were performed, including vital 
capacity (VC), forced expiratory volume in 1 sec- 
ond (FEV,), total lung capacity (TLC) by the 
nitrogen-washout method, and single-breath 
carbon monoxide diffusing capacity (Duco). 
Arterial blood gases were also measured. An 
incremental exercise test was performed on a 
cycle ergometer in most of the adult patients. 


Lavage Protocol 


The procedure is performed in the operating 
room under general anesthesia (halothane) and 
muscle paralysis (pancuronium) with standard 
monitoring of heart rate, blood pressure, and 
periodic arterial blood gases. The current tech- 
nique of the lavage follows. 


1. Perform general anesthesia using a tracheal 
divider with the patient in the supine posi- 
tion. 

2. Ventilate both lungs at Fro, 1.0. 

3. Measure total thoracic compliance of each 
side. 

4, Lavage one lung with isotonic saline at 37°C 

from container 30 cm above midchest. 

. De mechanical chest percussion. 

. Perform gravity and siphon drainage. 

. Repeat lavage until effluent is almost clear. 

. Clear airways of saline by suction. 

. Measure total thoracic compliance of la- 

vaged lung. 

10. Ventilate lavaged lung until compliance is 

restored to prelavage level. 


CANA 


The patient is maintained in the supine position 
during the entire procedure. A Carlens tracheal 
divider is inserted according to the method de- 
scribed by Lynch and Feraru [14]. The cuffs are 
inflated separately, and the tube is tested for 
leaks to ensure complete separation of both 
lungs. A 3 liter container of sterile physiological 
saline (no additives) warmed to 37°C is 
supended 30 cm above the patient’s midchest. 
Both lungs are ventilated with 98.5% oxygen 
and 1.5% halothane. Before lavage, pressure/ 
volume measurements are made on each lung 


from recordings of expiratory volume made 
with a Wright respirometer; inspiratory airway 
pressure is measured with an anaeroid ma- 
nometer. 

After these measurements are recorded, the 
lavage solution is allowed to run into the left 
lung through one arm of a Y-tube while the right 
lung is continuously ventilated with the high- 
oxygen mixture. The tubing on the other arm of 
the Y-tube is clamped, and its end is inserted 
into a collection bottle approximately 20 cm 
below the patient. Saline is allowed to run into 
the left lung as the oxygenis absorbed, requiring 
about 5 to 7 minutes until the lung is completely 
degassed. Subsequent filling is much quicker. 
Mechanical chest percussion as previously de- 
scribed [10], is performed during the filling and 
draining of the lung. The left lung is then 
drained by clamping the inflow tube and un- 
clamping the drainage tube. The cloudy gray 
effluent drains rapidly by gravity and siphon 
effect, being complete in 3 to 5 minutes. The 
lung is then rapidly refilled with saline, per- 
cussed, and allowed to drain again; volumes 
exchanged are recorded each time. This se- 
quence is repeated until the effluent is nearly 
clear. 

At the conclusion of the procedure, the lav- 
aged lung is ventilated with 100% oxygen and 
periodically suctioned with a stiff, slender cathe- 
ter, Pressure/volume measurements of the lav- 
aged lung (+ chest wall = total thoracic com- 
pliance) are recorded repeatedly. When thoracic 
compliance has returned to a level equal to that 
of the ventilated lung, the paralysis and anes- 
thesia are reversed, and the patient is allowed to 
recover spontaneous ventilation and is sub- 
sequently extubated. Deep breathing and 
coughing are encouraged in the immediate post- 
lavage period. The right lung is lavaged in a 
similar manner two to three days later. 


Postlavage Evaluation 


Repeat pulmonary function tests and chest 
roentgenograms were performed after each lung 
was lavaged. Incremental exercise tests were re- 
peated in most patients within several days of 
the conclusion of both lavages. Statistical com- 
parisons of pulmonary function tests and blood 
gases before and after lavage were made using a 
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paired t-test. Follow-up examinations of the pa- 
tients were conducted at varying intervals by us 
and by the referring physicians. Repeat lavage 
was performed if symptoms recurred and pul- 
monary function deteriorated. 


Results 


Our ten-year experience with PAP includes 19 
patients and 49 whole-lung lavages. Biographi- 
cal information reveals a wide range of ages (3 to 
45 years) and a variety of occupations. Men pre- 
dominate by greater than 5:1; the majority of 
patients are white. Two children have been de- 
scribed previously [24]. One adult did not 
undergo lavage because of only mild disability 
at the time of referral. 

Sixteen patients were separated into 2 groups. 
Group 1 (5 patients) were lavaged either at other 
institutions by one of us (Dr. Wasserman), acting 
as a visiting consultant, or by us earlier in our 
experience. Data from this group are incom- 
plete. Group 2 (11 patients), who make up the 
body of this report, were lavaged at Harbor Gen- 
eral Hospital. Five patients in Group 2 were la- 
vaged on more than one occasion because of re- 
currence of symptoms. 


Prelavage Evaluation 


All patients complained of marked dyspnea on 
exertion, which had progressed slowly for 12 to 
18 months. Cough occasionally produced a small 
amount of white sputum. Various forms of 


Fig 1, Whole-lung lavage resulted in an increase in 
(left) vital capacity (p < 0.0005) and (right) total 
lung capacity (p <0.005). Results are tabulated as 
percentage of lung volume predicted for each 
patient. 
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aerosol and expectorant therapy had been tried 
in most patients with little or no decrease in their 
dyspnea. 

Physical examination and routine laboratory 
studies were generally within normal limits. The 
lung examination was particularly benign, re- 
vealing no rales, rhonchi, or wheezes. ECGs 
were also unremarkable. 

Pulmonary function testing of patients in 
Group 2 revealed a decreased VC and TLC 
(< 80% predicted), characteristic of a restrictive 
defect in 6 patients (Fig 1); lung volumes were 
normal in the remaining 5. Diffusing capacity, 
however, was significantly reduced in all 11 pa- 
tients (Fig 2), with a mean Dtco of 48 + 10 
(% predicted). Flow rates, characterized by 
FEV,/VC, were within normal limits. 

Arterial blood gases were obtained at rest and 
at the maximal level of exercise tolerated in 10 
patients in Group 2 (Fig 3). The exercise was 
terminated at varying work rates in each patient 
because of progressive dyspnea. Resting Pao, 
was below normal in 9 patients (mean, 67 + 9 
mm Hg) and decreased further with exercise 
(mean, 52 + 11 mm Hg). 

Chest roentgenograms in all 19 patients were 
characterized by varying degrees of abnormal- 
ity. Common findings included a diffuse 
ground-glass appearance, air bronchograms, 
and alveolar filling infiltrates, which spread dif- 
fusely over all lung fields but were more marked 
in the perihilar areas (Fig 4A). 


Lavage Period 

All Group 2 adults were lavaged by the tech- 
nique described, and all tolerated the procedure 
well. Each whole-lung lavage used a total of 15 to 
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Fig 2. Diffusing capacity (Duco) was severely 
reduced prior to lavage (control) and increased 50% 
as a result of whole-lung lavage (p < 0.0005). 
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Fig 3. Pag, at rest was below normal (mean, 67 

+9 mm Hg) in almost all patients with pulmonary 
alveolar proteinosis before lavage and decreased 
further with exercise (mean, 52 +11 mm Hg). Each 
patient exercised on a cycle ergometer to his highest 
tolerable work rate. 





18 liters of saline in 1,000 to 1,800 ml aliquots, 
requiring 10 to 15 runs until the effluent was 
nearly clear. The lavages were then terminated. 
The average cumulative fluid retention at the 
conclusion of the lavage was 500 ml, most of 
which was subsequently removed by periodic 
suctioning. We interrupted the procedure pre- 
maturely in 1 patient in Group 2 because of a 
small amount of leakage into the ventilated side. 
This was readily detected by frequent ausculta- 
tion; there was no untoward effect. It was also 
stopped prematurely because of hypoxemia, in 1 
patient in Group 1. Nonetheless, both patients 
achieved noticeable physiological and clinical 
improvement from the lavages already com- 
pleted. 

Pressure/volume measurements of each lung 
were taken in all patients both before and after 
lavage. The compliance of the lavaged lung rela- 
tive to the ventilated lung for 7 Group 2 patients 
is shown in Figure 5, which demonstrates a fall 
in compliance in the lavaged lung from prela- 
vage levels and the gradual return to prelavage 
levels within 60 minutes. 


Postlavage Evaluation 


Within several hours of the conclusion of each 
lavage, the patients generally stated that their 
lungs felt lighter, that they could breathe more 
easily, or that they could take a deeper breath. 
This was corroborated by repeat pulmonary 
function tests performed on the first or second 
day after each lung was lavaged. The results for 
Group 2 after both lungs were lavaged are given 
in Figure 1. They demonstrate a significant in- 
crease in both VC (p < 0.0005) and TLC (p < 
0.005). Diffusing capacity was increased greater 
than 50% in all patients as a result of the lavage 
(p < 0.0005) (see Fig 2). 

Arterial blood gases were obtained at rest and 
during exercise (90 watts) from one to three days 
after bilateral lavages in 6 Group 2 patients (Fig 
6). These were compared to prelavage mea- 
surements and reveal a significant increase in 
both resting and exercise Pao, after lavage (p < 
0.005). The hypocapnia noted before lavage 
had largely disappeared. 

Chest roentgenograms showed a marked and 
rapid decrease of the alveolar filling infiltrates 
after each lung was lavaged (see Fig 4B, C). Sub- 
sequently, the majority of the chest roentgeno- 
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grams continued to improve and commonly be- 
came normal. 

All patients were discharged within two to 
three days and returned to work within one to 
two weeks. There were no major postlavage 
complications; 1 patient was mildly febrile for 
one day postlavage with no other evidence of 
infection. 


Follow-up Evaluations 


Long-term follow-up is available for 14 of the 18 
lavaged patients. These are separated into 3 
categories. (1) Clinical information on7 patients 
(6 in Group 2 and 1 in Group 1) indicates sus- 
tained improvement for periods as long as two 
years after both lungs were lavaged. Data from 
pulmonary function tests and chest roentgeno- 


Fig 4. Chest roentgenograms of a patient with 
pulmonary alveolar proteinosis, (A) Before lavage 
patchy alveolar infiltrates are seen, slightly worse 
on the right. (B) One day after lavage of the left 
lung, clearing of infiltrates is seen in that lung. (C) 
One day after lavage of the right lung there is 
dramatic clearing of the dense infiltrate. (The 
pleural scar on the right diaphragm is secondary to 
open lung biopsy.) 


grams are available for 5 patients in this category 
and show no deterioration over a period of 5 to 
21 months. (2) A gradual return of dyspnea, infil- 
trates, and pulmonary disability occurred in 5 
Group 2 patients within a variable time follow- 
ing each procedure. These patients required two 
to four repeat lavages at one- to three-year inter- 
vals to relieve their recurrent symptoms. This 
occurred despite a favorable response to the in- 
itial lavage; the repeat lavages were equally as 
effective as the first and produced a dramatic 
improvement in lung function. One of the pa- 
tients required a total of four lavages over a 
period of five years, but she has been stable with 
no functional limitation for four years since her 
last lavage. Duration of follow-up in these 12 
patients is shown in Figure 7, indicating the 
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Fig 5. Measurement of total thoracic compliance of 
lavaged lung (Cray) compared to ventilated lung 
(Cveni). Prelavage measurements show similar 
compliance characteristics between both lungs. 
Lavage results in fallin compliance of the lavaged 
lung secondary to loss of surface-active forces. 
Continued ventilation causes these to regenerate 
within 60 minutes, with compliance returning to 
near-baseline levels. The left and right lungs were 
lavaged two to three days apart. 
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Fig 6. Whole-lung lavage resulted in increases in 
Pag, (p < 9.005) in 6 patients measured both at rest 
and at the same level of exercise performed 
prelavage (90 watts). 
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Fig 7. Duration of follow-up of 12 patients after 
lavage ranges from five months to ten years. Most 
patients remain asymptomatic after one lavage. Five 
patients required repeat lavages at varying intervals 
because of return of symptoms. Recurrence was 
noted within one year in all 5. 


individual variability in this disease. (3) The 2 
children who were lavaged under partial car- 
diopulmonary bypass have been evaluated in 
greater detail as they have grown since our 
earlier report. After their lavage, they required 
only low-flow oxygen supplementation and 
were sent home. Over the past eight years their 
oxygen needs have increased. Our experience 
with them suggests that they had suffered per- 
manent damage to the lung parenchyma during 
the year of hospitalization prior to their lavage, 
most likely secondary to the high-flow oxygen 
(as high as Fio, 0.8) that they required during 
that time. 


Comment 


Despite continued study of PAP since its de- 
scription in 1958, the etiology remains obscure. 
In 1965, Larson [12] suggested that a likely ex- 
planation for this proteinaceous substance 
found in the alveoli was an overabundance of 
the surface-active material (surfactant) produced 
by the type II alveolar lining cells. Subsequent 
research has demonstrated that this substance is 
largely a phospholipid with chemical and elec- 
tron microscopical characteristics similar, al- 
though not identical, to normal surfactant [4, 15, 
16, 23]. Clearance studies suggest that this ac- 


cumulation results from defective removal 
rather than increased production, although the 
cause of this defect is not understood [15, 16]. 

Clinical studies have not revealed a common 
denominator to explain this abnormal clearance. 
PAP has been described in all age groups and 
races; likewise, there is no evidence of increased 
familial incidence or unique geographical dis- 
tribution [12]. Our experience reveals that the 
course in patients with PAP is quite varied. 
Some cases resolve spontaneously, others pro- 
gress to hypoxemia and stop after one whole-lung 
lavage, whereas others require repeated lavages 
over several years. 

Microscopical findings similar to those of PAP 
have been described in association with 
silicosis, Pneumocystis carinii, and other dis- 
eases, suggesting to some authors a wide spec- 
trum of causes [13]. We believe, however, that 
this similarity in microscopical description is 
nonspecific and suggest that the term pulmonary 
alveolar proteinosis be reserved for patients such 
as those described in this report and elsewhere; 
ie, patients who show no evidence of primary 
lung disease once the proteinaceous material has 
been removed, and who are otherwise healthy. 
This is in contrast to those patients with other 
primary diseases causing alveolar filling, but in 
whom fibrosis or evidence of parenchymal in- 
flammation can also be found [6, 8, 27]. 

It is a unique characteristic of PAP that the 
alveolar septae are largely spared any sequelae of 
the accumulation of proteinaceous material. 
Patchy fibrosis had been described occasionally 
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in early reports of PAP, butin retrospect this was 
likely the result of superinfection with various 
bacteria and fungi, notably nocardia. Larson 
[12] showed that the incidence of infection and 
subsequent mortality was higher in patients 
with PAP who were treated with corticosteroids. 
Our experience has been that the lung biopsies 
of untreated patients with PAP reveal only alveo- 
lar filling with minimal or no inflammatory 
changes in the interstitium. Thus there is no 
rationale for the use of corticosteroids in treating 
this disease. 


Clinical Presentation 


The clinical presentation of patients with PAP is 
almost totally predictable when one considers 
the pathological picture. They generally com- 
plain of an insidious onset of dyspnea on exer- 
tion, occasionally associated with a mild cough. 
Their chest roentgenograms, not surprisingly, 
show the characteristics of alveolar filling dis- 
orders, ie, air bronchograms and diffuse 
homogeneous infiltrates. The disordered 
physiology is predicted by the altered anatomy: 
reduced diffusing capacity (Fig 2), arterial 
hypoxemia made worse with exercise (Fig 3), 
and, in more than half of the patients, a major 
restrictive defect (Fig 1). PAP is an excellent clin- 
ical example of the frequently cited but uncom- 
mon “alveolar-capillary block syndrome” [1]. 
When the disease had progressed sufficiently to 
lower lung volumes in our patients, the Dico 
was already severely reduced. 


Treatment 

The treatment of PAP was often unsuccessful in 
the early years after the disease was identified 
[12]. Some patients had resolution of their dis- 
ability under various forms of aerosol and expec- 
torant therapy, although we have subsequently 
come to learn that such resolution can be spon- 
taneous. As many as 30% of patients, however, 
progressed insidiously to severe dyspnea, 
hypoxemia, and death [12]. It wasn’t until 
Ramirez-R began experimenting with various 
forms of lung lavage that such a course was 
changed [18]. In 1965, he described the present 
method of lavaging an entire lung while simul- 
taneously ventilating the contralateral lung with 
high inspired oxygen concentration [17]. We 


have gradually modified his approach, as de- 
scribed here, and we are now able to obtain 
dramatic improvement in the symptomatology 
and altered physiology in all patients with this 
disease. 

Controversy continues, however, over the 
clinical indications for whole-lung lavage [13]. 
Each center has also made changes in the tech- 
nique [5, 7, 11]. As a result, the outcome has 
been variable [2, 13, 17, 20]. Some physicians 
reserve lavage for those patients who are se- 
verely disabled [13]. Such thinking may be in- 
fluenced by prior experiences that produced 
only fair results. We advocate lavage at a time in 
the disease when the dyspnea has begun to af- 
fect the patient’s occupation or other daily activi- 
ties; we do not wait until profound hypoxemia is 
present. This has produced a rapid and favor- 
able response in all patients, allowing them to 
return to work and other pastimes that had pre- 
viously been difficult because of dyspnea. 

We previously described a temporary worsen- 
ing of hypoxemia during lavage when the lung 
being lavaged is drained [26]. This is the result of 
an increase in blood flow through the gasless 
lung when the alveolar pressure is reduced from 
a positive hydrostatic pressure during filling to 
subatmospheric pressure during draining. 
Since this is an unavoidable phenomenon dur- 
ing lavage, it is unwise to wait until the patient 
is severely hypoxemic before treating him, as 
the risk of lung lavage will be greater. 


Lung Lavage 


Despite the fact that the lavage method seems 
straightforward, the published results vary. 
Some authors describe only mild improvement, 
which is sometimes delayed for several days [2, 
13, 17, 20]. Lingering infiltrates have also been 
described, and most reports have documented 
only minor improvement in lung function. Our 
uniformly favorable results have therefore 
prompted us to examine our technique carefully. 
A successful whole-lung lavage requires a team 
approach, with several participants paying close 
attention to various parts of the procedure. 
We use sterile physiological saline as our la- 
vage fluid. Our previous work indicates that ad- 
ditives such as heparin and acetylcysteine do not 
increase the removal of sediment [10]. We also 
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position the saline reservoir 30 cm above the 
patient’s midchest to minimize the hypoxemia 
that occurs as the lavaged lung becomes de- 
gassed. Wasserman and colleagues [26], and later 
Smith and associates [25], showed that this de- 
creases blood flow to the lavaged lung as it be- 
comes gasless during filling. The hydrostatic 
pressure created by the column of saline 
suspended 30 cm above the patient generally ex- 
ceeds mean pulmonary artery pressure and 
therefore decreases perfusion to the nonventi- 
lated lung, preventing severe hypoxemia [19]. 
For this same reason, we drain and refill the lung 
as rapidly as possible in order to lessen the 
period of hypoxemia while the degassed lung is 
drained of saline (and hydrostatic pressure is 
decreased). Periodic intraoperative arterial 
blood gas monitoring should be performed dur- 
ing lung filling to document that the Pao, is not 
critically low. 

Kylstra and co-workers [11] have approached 
this problem by using “volume-controlled”’ la- 
vage in which the lung is never completely 
drained of saline at the end of each run. A vol- 
ume of saline comparable to the patient's 
functional residual capacity is allowed to remain 


Fig 8. Effect of repeated lavage for recurring 
pulmonary alveolar proteinosis in 1 patient. 
Decreases in lung volumes (VC, TLC) and diffusing 
capacity were restored to normal or near-normal 
with each lavage. There was no residual 
deterioration in lung function during 45 months of 
follow-up. 
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in the lung after each filling, and smaller vol- 
umes (300-500 ml) are subsequently used to 
wash out the sediment. This technique is de- 
signed to prevent hydrostatic pressure from 
dropping to low levels in the hope of preventing 
hypoxemia. This is physiologically sound, but it 
results in a longer and less efficient lavage. 

Many authors have described a delay in im- 
provement after lavage, whereas others have 
noted a temporary worsening of lung function 
[2, 13, 17, 20]. They describe persistent hypox- 
emia and infiltrates for several days. Saline la- 
vage of the lung is not benign. Huber and as- 
sociates [9] have described changes in alveolar 
morphology and respiratory mechanics after 
lung lavage in dogs. This technique has also 
been shown to remove large quantities of 
surface-active material [15] as well as other pro- 
teins [22]. Thus it is not surprising that early 
extubation can result in a temporary worsening 
of lung function, largely secondary to atelectasis 
and associated with the loss of surfactant. We 
have seen a universally prompt and dramatic 
improvement in lung function and chest roent- 
genograms (see Fig 4) as each lung is lavaged. 
We attribute this to our practice of continuing to 
ventilate the lavaged lung so as to allow restora- 
tion of normal surface forces. This is evidenced 
by the return of thoracic compliance within one 
hour to the same level as in the contralateral lung 
(Fig 5). 

Whole-lung lavage for the treatment of PAP 
can be considered both curative and palliative. 
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Follow-up of our patients has revealed a wide 
spectrum of results (Fig 7). It is fortunate that 
whole-lung lavage is effective and has limited 
morbidity, as it is sometimes necessary to lavage 
certain patients repeatedly every one to two 
years. Figure 8 illustrates the course of 1 patient 
who required four lavages because of recurrent 
symptoms. Note that lung function returned to 
near-normal levels after each lavage. There have 
been no sequelae despite recurring PAP or re- 
peated lung lavage in 5 patients whom we have 
followed. 

Recurrence of this disorder is not predictable. 
The clinical presentation, degree of impairment, 
or efficiency of lavage in these few patients were 
not different from the rest of the group. The 
initial return of symptoms occurred within one 
year in each, with variable progression of the 
disease thereafter. Some patients have remained 
asymptomatic for up to five years after one repeat 
lavage. Our experience therefore indicates that 
the disease has a variable course and that con- 
tinued follow-up is necessary. 


References 

1. Austrian R, McClement JH, Renzetti AD, et 
al: Clinical and physiologic features of some 
types of pulmonary disease with impairment of 
alveolar-capillary diffusion: the syndrome of 
“alveolar-capillary block.” Am J Med 11:667, 
1951 

2, Castleman B, McNeely BU: Case Records of the 
Massachusetts General Hospital. Case 34, 1974. N 
Engl J Med 291:464, 1974 

3. Cooper JD, Woolf CR, Brebner J: Improved 
method of pulmonary lavage for alveolar pro- 
teinosis. Surg Forum 26:298, 1975 

4. Costello JF, Moriarty DC, Branthwaite MA, et al: 
Diagnosis and management of alveolar protein- 
osis: the role of electron microscopy. Thorax 
30:121, 1975 

5. Dupont FS, Sphire RD: Pulmonary lavage. Crit 
Care Med 2:161, 1974 

6. Hamper! H: Variants of Pneumocystis carinii. J 
Pathol Bacteriol 74:353, 1957 

7. Harris JO, Castle JR, Swenson EW, et al: Lobar 
lavage: therapeutic benefit in pulmonary alveolar 
filling disorders. Chest 65:655, 1974 

8. Heard BE, Cooke RA: Busulphan lung. Thorax 
23:187, 1968 

9, Huber GL, Edmunds LHM, Finley TN: Effect of 
experimental saline lavage on pulmonary me- 
chanics and morphology. Am Rev Respir Dis 
104:337, 1971 

10. Kao D, Wasserman K, Costley D, et al: Advances 


in the treatment of pulmonary alveolar pro- 
teinosis. Am Rev Respir Dis 111:361, 1975 

11. Kylstra JA, Rausch DC, Hall KD, et al: Volume- 
controlled lung lavage in the treatment of asthma, 
bronchiectasis, and mucoviscidosis. Am Rev Res- 
pir Dis 103:651, 1971 

12. Larson RK, Gordinier R: Pulmonary alveolar pro- 
teinosis. Ann Intern Med 62:292, 1965 

13. Lewiston NJ, Robin ED: Pulmonary alveolar pro- 
teinosis. West J Med 124:29, 1976 

14. Lynch CG, Feraru F: Endobronchial anesthesia. 
Anesthesiology 18:138, 1957 

15. McClenahan JB, Mussenden R: Pulmonary alveo- 
lar proteinosis. Arch Intern Med 133:284, 1974 

16. Ramirez-R J, Harlan WR: Pulmonary alveolar pro- 
teinosis. Am J Med 45:520, 1968 

17. Ramirez-R J, Kieffer RF, Ball WC: Bronchopul- 
monary lavage in man. Ann Intern Med 63:819, 
1965 

18. Ramirez-R J, Schultz RB, Dutton RE: Pulmonary 
alveolar proteinosis: a new technique and 
rationale for treatment. Arch Intern Med 112:173, 
1963 

19. Rogers RM, Szidon JP, Shelburne J, et al: Hemo- 
dynamic response of the pulmonary circulation to 
bronchopulmonary lavage in man. N Engl J Med 
286:1230, 1972 

20. Rogers RM, Tantum KR: Bronchopulmonary la- 
vage. Med Clin North Am 54:755, 1970 

21. Rosen SH, Castleman B, Liebow AA: Pulmo- 
nary alveolar proteinosis. N Engl J Med 258:1123, 
1958 

22. Rupp GH, Wasserman K, Ogawa M, et al: Bron- 
chopulmonary fluids in pulmonary alveolar 
proteinosis. J Allergy Clin Immunol 51:227, 
1973 

23. Sahu S, DiAugustine RP, Lynn WS: Lipids found 
in pulmonary lavage of patients with alveolar pro- 
teinosis and in rabbit lung lamellar organelles. 
Am Rev Respir Dis 114:177, 1976 

24. Seard C, Wasserman K, Benfield JR, et al: Simul- 
taneous bilateral lung lavage (alveolar washing) 
using partial cardiopulmonary bypass. Am Rev 
Respir Dis 101:877, 1970 

25. Smith JD, Millen JE, Safar P, et al: Intrathoracic 
pressure, pulmonary vascular pressures and gas 
exchange during pulmonary lavage. Anesthesiol- 
ogy 33:401, 1970 

26. Wasserman K, Blank N, Fletcher G: Lung lavage 
(alveolar washing) in alveolar proteinosis. Am J 
Med 44:611, 1968 

27. Williams GEG, Medley DRK, Brown R: Pulmo- 
nary alveolar proteinosis. Lancet 1:1385, 1960 


Discussion 

DR. JOEL COOPER (Toronto, Ont, Canada): Our experi- 
ence is more modest than that presented. We recently 
performed our eighteenth lavage. I wholeheartedly 
support the conclusions of the authors, and I con- 
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gratulate them on their present and past contribu- 
tions to this field. 

By way of emphasis, I would like to raise a few 
points. First, a matter of terminology: we like a less 
formal and perhaps more descriptive term to describe 
the procedure—we refer to it as a lung enema. We 
agree that an organized team is very important in 
carrying out these procedures. A casual approach to 
lung lavage is courting disaster. When possible, we 
prefer to use the Robertshaw rather than the Carlens 
tube. It has a larger lumen size and we think it is a bit 
safer. One to 2 liters of warm saline, without addi- 
tives, is used for each cycle. Both lungs are ventilated 
with 100% oxygen. We then clamp the right lung and 
produce absorption atelectasis. We then fill the lung, 
by gravity, with saline. 

For those who are about to do their first lavage, I 
would warn that on the first cycle, when 1,500 ml of 
saline is run in and then drained, 400 or 500 ml will be 
missing. It is left in the residual volume of the lung, 
and if one is not prepared for it, it can cause a bit of a 
consternation. It certainly did to me during our first 
lavage. For a moment, I thought I had discovered the 
missing fluids in my pants. 

A couple of years ago, we started using chest 
physiotherapy in the form of manual percussion. One 
of our physiotherapists joined us in the operating 
room. We have found this very effective and think it 
has added to the procedure. Chest physiotherapy 
makes the lavage more rapid, improves the amount of 
debris removed, and gives better clearing on the post- 
operative chest roentgenogram. The amount of debris 
in the effluent was quantitated with an optical den- 
sitometer in a patient who had chest physiotherapy 
on certain cycles and not on others. It is clear that there 
is less debris with physiotherapy. 

During each cycle of drainage, do a midstream catch 
of the draining fluid, put it in a small bottle, and 
display it. This serves as a guide to tell us when we 
have done enough; we are able to see the progressive 
clearing that occurs. We also have an arterial line in 
place, and we measure blood gases frequently. When 
the lung is filled with saline, the pressure of the saline 
stops the pulmonary blood flow to that lung and the 
Pos is quite satisfactory. Paradoxically, it is during the 
draining phase when the lung is empty, allowing 
blood to flow to the nonventilated lung, that the Po, 
drops to about 60 mm Hg. At that phase, if the pa- 
tient is turned with the ventilated lung down, the 
Po, will rise sharply due to the gravitational redis- 
tribution of blood flow. We normally don’t use that 
maneuver, but it is nice to know about just in case. 

Postoperatively, we ventilate for three or four 
hours. We have not done compliance measurements, 
but I see from the data presented by Dr. Selecky 
that this seems to get us over the dangerous period. 

We have performed one procedure in a patient who 
was on perfusion as well. This girl had leukemia and 
proteinosis, and she was on a membrane oxygenator. 
We lavaged the left lung on bypass and subsequently 
lavaged the right lung. She was taken off bypass but 


died two weeks later of bone marrow insufficiency 
and overwhelming sepsis. 


DR. J. P. GEIGER (San Francisco, CA): I have used an 
adjunctive or ancillary form of treatment, perhaps 
even an alternative form, in 4 instances of alveolar 
proteinosis. This form of therapy consists of inhala- 
tion of alcohol in 25% or 20% solution, administered 
by nebulization with a routine IPPB machine. I was 
attracted to this approach by an article by J. B. 
McClenathan which stated that this lipid material is 
soluble in vitro in alcohol (Arch Intern Med 133:284, 
1974). Having treated many patients with pulmonary 
edema by this method in the past, I thought it might 
also be effective in alveolar proteinosis. The patients 
agreed to the clinical trial. 

A 40-year-old man had previously declined diag- 
nostic biopsy until his resting Po, fell to 33 torr on 
room air. A pitfall in the diagnosis was experienced 
when our local pathologist found a negative PAS 
stain, but the correct diagnosis was later made by Dr. 
A. Liebow. The initial roentgenogram was not very 
helpful, but his clinical condition and arterial gases 
were somewhat frightening. Volume and flow studies 
showed an across-the-board drop of about 40%. 

After three and a half weeks of 25% alcohol inhala- 
tion with no other therapy, he had a marked degree of 
improvement. The first sputum specimen he pro- 
duced looked like whipped egg white, which assured 
me that there was efficacy in the treatment. The pa- 
tient remained well three years later, and his only 
abnormal pulmonary function is a slight increase in 
residual volume. 

Three other patients have had somewhat less im- 
pressive results, attributable to their lack of coopera- 
tion in continuing the treatment. 


DR. ALFRED JARETZKI (New York, NY): I would like to 
attest to the importance of chest percussion during the 
lavage maneuver. Several years ago we quantitated 
the sediment retrieved, alternating lavage alone and 
lavage with percussion. We were able to retrieve five 
times as much sediment when percussion was used. 


DR. SELECKY: Previously some patients with PAP de- 
veloped progressive hypoxemia and died. Fortu- 
nately, the advent of whole-lung lavage has made it 
possible now to restore near-normal lung function in 
all patients with this disorder. This dramatic response 
to treatment does not occur often in other disease 
states. The unique success in treating PAP is largely 
the result of the pathology of this disease, in which the 
alveoli are filled but the alveolar septae are spared. As 
a result, whole-lung lavage is very effective. Thus our 
experience would indicate that PAP is not a fatal dis- 
ease if treated properly. 

The clinical response to alcohol aerosols is inter- 
esting. Many other forms of therapy have been tried in 
the past, each with an occasional therapeutic re- 
sponse, but none have provided consistent improve- 
ment. I am not aware, however, of controlled studies 
performed with alcohol aerosols. 


Canine Lung Allotransplantation: Donor Pretreatment 
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ABSTRACT To better define, and thereby alter, the 
immune response, rejection and function in canine 
lung allografts were studied by light and electron 
microscopy and by xenon 133 ventilation and 
technetium 99m perfusion scans. Allotransplanta- 
tion of the left lung with and without immunosup- 
pression and with immunosuppression and donor 
pretreatment was performed in 27 dogs. Immu- 
nosuppression was provided by postoperative 
methylprednisolone (2 mg per kilogram of body 
weight) and azathioprine (1.5 mg per kilogram). Pre- 
treated donor dogs received intravenous cyclophos- 
phamide (0.75 gm) and methylprednisolone (2.0 gm) 
for at least six hours prior to transplantation. 

Ventilation and perfusion scans accurately re- 
flected the type of functional deficit, later identified 
pathologically. Graphic correlation of function (V% 
and Q%) and survival (time) indicated 30% graft 
function at 4 days without immunosuppression, at 13 
days with immunosuppression, and at 51 days with 
both immunosuppression and donor pretreatment. 

Lung rejection was characterized only by progres- 
sive infiltrates of T-lymphocytes with preservation of 
lung ultrastructure until a terminal event of vessel 
thrombosis produced architectural disruption. Im- 
munosuppression noticeably abrogated the early re- 
jection response, and donor pretreatment almost to- 
tally eliminated it. 

Our results further support Guttmann’s conclusion 
that the immunogenicity of the graft is decreased by 
inactivation of nonparenchymal donor “passenger” 
leukocytes, potent immunogens, by pretreatment 
with cytotoxic drugs. 
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Since the first human lung transplant was per- 
formed in 1963, 36 subsequent transplants have 
produced no long-term success [25, 47]. Most 
experimental investigations have studied the 
pulmonary function and hemodynamics of au- 
totransplantation and the rejection response of 
allotransplantation. Presently the outstanding 
problem in any transplantation program is 
adequate abrogation of the induced allograft re- 
jection response. Prolonged survival is depen- 
dent upon inherent histocompatibility, attenua- 
tion of rejection by selective immunosuppres- 
sion, and anticipation and treatment of any 
postoperative complications related to tech- 
nique. 

Guttmann [22-24] has prolonged functional 
survival, decreased the severity, and facilitated 
the reversibility of acute rejections in animal 
and human renal allografts by pretreatment of 
the cadaver donor kidney with cyclophos- 
phamide and methylprednisolone. The im- 
munogenicity of the graft is decreased by inacti- 
vation of nonparenchymal donor passenger 
leukocytes, potent immunogens, by pretreat- 
ment with cytotoxic drugs. 

No agent or combination of agents will consis- 
tently abrogate the rejection response. To pro- 
long histological normality and functional sur- 
vival in pulmonary allografts of dogs, the pre- 
treatment regimen was utilized. Ventilation and 
perfusion isotope scans were used to evaluate 
pulmonary function because they provide iden- 
tical results to differential bronchospirometric 
determinations of Vo, and Vg and are more eas- 
ily reproducible [30]. 


Materials and Methods 


Left lung transplantation was performed in con- 
ditioned mongrel dogs weighing between 14.0 
and 22.7 kg (Table 1). Fourteen dogs (Group A) 
underwent left lung autotransplantation, in 8 
instances with simultaneous right pulmonary 
artery ligation. Three right autotransplants were 
performed in dogs that had undergone success- 
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Table 1. Canine Lung Transplantation in 4 Groups 


———— ee. 


No. of 

Group Operation Animals 

A! Left 14 
autotransplantation 

A? Bilateral 3 
autotransplantation 

B Left 7 
allotransplantation 

c Left 10 
allotransplantation 

D Left 10 
allotransplantation 


Postop 
Immunosuppression 


Methylprednisolone 
(2 mg/kg); 
azathioprine (1.5 
mg/kg) 

Methylprednisolone 
(2 mg/kg); 
azathioprine (1.5 


Donor 
Pretreatment 


Methylprednisolone 
(2.0 gm); cyclo- 
phosphamide (0.75 


mg/kg) gm) 
OS 


ful left autotransplantation 21 to 48 days pre- 
viously. Left lung allotransplantation was per- 
formed in 7 dogs (Group B) with no im- 
munosuppression, in 10 (Group C) with post- 
Operative recipient immunosuppression, and in 
10 (Group D) with both postoperative im- 
munosuppression and donor pretreatment. 
Immunosuppression was provided by post- 
operative methylprednisolone (2 mg per kilo- 
gram of body weight) and azathioprine (1.5 mg 
per kilogram). Pretreated donors received a con- 
tinuous intravenous perfusion of cyclophos- 
phamide (0.75 gm) and methylprednisolone (2.0 
gm) for at least six hours prior to transplanta- 
tion. Hyperacute rejection crises were managed 
by rapid intravenous infusions of 250 mg 
methylprednisolone, with or without cyclo- 
phosphamide, that were given daily when re- 
quired. Ischemia times to deflated avascular 
lungs ranged from 43 to 70 minutes (mean, 55 
minutes) in the autotransplants and from 41 to 
95 minutes (mean, 52 minutes) in the allo- 
transplants. 

To obtain fresh lung tissue without killing the 
animal and without a formal open lung biopsy, 
biopsies were performed on occasion with a 
Steel high-speed lung and pleural biopsy drill 
[42]. The trephines provided a 2.1 mm bore of 
tissue for histological examination. 

Whole lung specimens obtained at kill or 
postmortem were inflated with 10% buffered 
formalin by way of the bronchus under pres- 


sures ranging from 20 to 30 cm HO. After 24 
hours’ fixation, tissues were dehydrated in 
graded alcohols, then embedded with paraffin 
and sectioned for microscopical study. Routine 
hematoxylin and eosin stains were utilized. 
When circumstances warranted, special stain- 
ing preparations were also obtained including 
trichrome, reticulin, periodic acid—Schiff, and 
gram. 

Electron microscopy of in vivo drill biopsies 
and freshly killed specimens was performed 
when concomitant light microscopy demon- 
strated an entity that warranted further investi- 
gation. For fixation by immersion, the lung tissue 
was cut into 1 mm blocks and immersed in cold 
phosphate-buffered 1% osmium tetroxide for 
one hour. After dehydration in graded alcohols 
and propylene oxide according to the method of 
Luft [32], the tissue blocks were embedded in a 
mixture of Epon-Araldite [20]. Sections were cut 
with glass knives on a LKB ultramicrotome; 1 u 
sections were stained with toluidine blue. Thin 
sections for electron microscopy were stained 
with uranyl acetate and examined and photo- 
graphed in a Philips EM-301 electron micro- 
scope. 

Functional assessments were established 
postoperatively by ventilation (xenon 133) and 
perfusion (technetium 99m) scintillation scans 
displayed on a Nuclear Chicago HP gamma 
camera with data playback and store systems. 

Ventilation scan was performed using "Xe 
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gas (10 to 15 mCi) injected during a full inhala- 
tion of 100% oxygen under sodium thiopental 
anesthesia, endotracheal intubation, and spon- 
taneous ventilation. Change in the scan was 
continuously recorded and taped. The inflation 
stage lasted from 0 to 60 seconds and was fol- 
lowed by an interval of rebreathing into a closed 
system lasting approximately 50 seconds. The 
endotracheal tube was then connected to an ap- 
proved suction waste system and a washout 
scan obtained over the ensuing 100 seconds. 

Technetium 99m-labeled albumin micro- 
spheres (4 mCi) diluted in 1 to 2 ml of saline were 
used in perfusion scans, which were performed 
following ventilation scans in all instances with 
the position of the dog remaining constant 
throughout both procedures. 

The right and left lungs were each divided 
into three constant but arbitrary square areas— 
superior, intermediate, and inferior. By man- 
ipulation of the gamma camera with its ancillary 
facilities, this constant unit area was selected in 
each of the six regions for both ventilation (V) 
and perfusion (Q) scans. Counts from each re- 
gion and the totals from each lung were recorded 
as percentages of the whole lung count for both 
ventilation (inflation) and concomitant perfu- 
sion scans. Calculation of the V/Q ratio based on 
percentage of whole lung counts was made for 
each of the six regions in addition to each lung. 

Right or left lung V/Q ratio was calculated by 
one of two methods. Total ventilation counts/ 
total perfusion counts (for both right and left 
sides), or average of three-unit V/Q ratios for 
right and left sides. Counts for any one unit of 
lung were recorded over a 5-second period. 
Since "Tc is bound in lung, any 5-second re- 
cording obtained after the initial scan may be 
used and will record maximal counts. In ventila- 
tion scans, maximal counts were obtained only 
within the first 10 seconds after inflation and 
injection of °Xe, and the 5-second interval em- 
ployed for calculations occurred within this in- 
itial 10 seconds. Five-second-interval scans for 
total counts were performed for each 5-second 
interval to 60 seconds, and over the course of 
these recordings there was a progressive de- 
crease in total counts due to loss of radioactive 
substance into the materials of the conducting 
system by absorption and by any small leaks out 
of the conducting system itself. 


Results 
Histological Studies 

GROUP A (LEFT AUTOTRANSPLANTATION). Eight 
dogs underwent left autotransplantation and 
contralateral right pulmonary artery ligation, 
and 6 underwent simple left autotransplanta- 
tion. Three hours postoperatively a ‘‘reimplan- 
tation response” was identifiable. Focal areas of 
interstitial and alveolar edema and a moderate 
degree of congestion were present. There was 
lack of either a leukocytic or lymphocytic re- 
sponse, and the bronchial wall distal to the anas- 
tomosis was intact with no ischemic change. 
Presumably the reimplantation response is due 
to operative trauma, lung ischemia (increased 
pulmonary capillary permeability and pulmo- 
nary edema), or a denervation-resistance re- 
sponse attributed to small venous outflow ob- 
struction [13, 29, 40]. 

At 21 days, mild peribronchial edema was 
present and fibrin deposition was found in both 
alveoli and the bronchial lumens. In both sites 
the fibrin was accompanied by minimal infiltra- 
tion of nonspecific inflammatory cells. At 35 
days only patchy focal areas of edema in alveoli 
and compensatory emphysema were present. 
There was no perivascular or peribronchial lym- 
phocytic aggregation. 

Electron microscopy beyond 30 days demon- 
strated only a very few focal areas of interstitial 
edema and congestion. Alveolar type I and type 
II pneumocytes and endothelial cells with adja- 
cent basement membranes were all normal. The 
remaining portions of lung demonstrated no 
abnormality. 

GROUP B (LEFT ALLOTRANSPLANTATION, NO IM- 
MUNOSUPPRESSION). Six of the 7 dogs died 4 to 
17 days postoperatively. Grossly, postmortem 
examinations revealed classical rejection in 5 
such animals—the lung was heavy, firm, 
hemorrhagic, mottled, and nonaerated, with 
pulmonary venous thrombosis and endobron- 
chial hemorrhage. Ischemic change in the mu- 
cosa with no dehiscence distal to the bronchial 
anastomosis was present in 2 dogs. Empyema 
was responsible for the death of the sixth dog. 

Four days after unabrogated allotransplanta- 
tion, light microscopy showed both perivascular 
and peribronchial infiltration with mononuclear 
cells, presumably T-lymphocytes (Fig 1). In 
many instances the lymphocytic infiltrate was 
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coe. Meant 
Fig 1. Photomicrograph of a canine lung 4 days after 
allotransplantation with no immunosuppression. 


The bronchi (B) are cuffed by infiltrates of 
mononuclear cells (white arrow) with extension 
through the bronchial wall to a submucosal 
position. The medium-sized artery (A) is surrounded 
by edema (black arrow) and little cellular infiltrate. 
Mild congestion and edema are present in the 
alveolar septa (S). (H&E; original magnification 
x20.) 


predominantly peribronchial, and severe edema 
was present in the perivascular space (Fig 2). 
Occasionally lymphocytic infiltrates were also 
situated in the alveoli, in the bronchi, and in the 
interstitium. Partial disruption of the bronchial 
wall, allowing lymphocytic extension into the 
submucosa and penetration from the peribron- 
chial space through the bronchial wall into the 
lumen, was seen. At this time submucosal 
edema, congestion, and mild infiltration of 
mononuclear cells were found at the bronchial 
anastomosis, and no evidence of impaired 
viability or ischemic change was demonstrated. 

At 7 days the perivascular lymphocytic infil- 
trate became more intense, as did the hemor- 
rhage into the alveoli, bronchi, and interstitium. 
A fibrinous exudate into the alveoli was seen 





initially and became more pronounced with 
time. There was no desquamation of any of the 
alveolar lining cells, nor was there evidence of 
arteritis or vasculitis. Thrombosis of vessels was 
a terminal event associated with necrosis and 
total disruption of lung architecture. In early 
rejection the white blood cell response was pre- 
dominantly lymphocytic, but during the necro- 
tic stage at 7 to 9 days cellular infiltrates were 
mainly polymorphonuclear. Bacterial infiltra- 
tion was not seen in this group of animals. 
Electron microscopy at 4 days revealed lym- 
phocytes containing active cytoplasmic orga- 
nelle systems. No abnormalities were found in 
either the endothelial cell or the adjacent base- 
ment membrane. Small lymphocytes were 
present in the interstitial and intravascular 
compartments. Occasionally there was focal dis- 
ruption of the endothelial basement mem- 
brane, which allowed perivascular migration of 
lymphocytes with subsequent interstitial in- 
filtration. Lymphoblastic transformation of 
T-lymphocytes was readily identified in capil- 
laries adjacent to endothelial basement mem- 
branes (Fig 3). In all instances, type I and type II 
pneumocytes remained intact; there was no bar- 
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Fig 2. Photomicrograph of a canine lung 4 days after 
allotransplantation with no immunosuppression. 
The increased magnification demonstrates 
perivascular (V) cuffing with T-lymphocytes. The 
alveoli (A) and septa (arrows) adjacent to this area 
appear normal. (H&E; original magnification 
x30.) 


ing of the basement membranes and no 
generalized disruption of the endothelium (Fig 
4). Seven days postoperatively there were more 
extensive areas of intraalveolar and interstitial 
hemorrhage and severe congestion and edema. 
At this stage there was disruption of basement 
membranes and lung architecture (hemorrhagic 
necrosis). The mononuclear cell infiltration be- 
came less conspicuous and was replaced by an 
infiltrate of polymorphonuclear cells and mac- 
rophages that were actively consuming debris 
and red blood cells. 

GROUP C (LEFT ALLOTRANSPLANTATION, POST- 
OPERATIVE IMMUNOSUPPRESSION). All 10 animals 
survived the operation. Three died within 21 
days, and the other 7 were killed from 6 to 80 
days postoperatively. At postmortem examina- 
tion 8 dogs had some degree of thrombus forma- 
tion at the atrial suture line, producing major 


outflow obstruction in 4 animals. Acute rejec- 
tion was present in 3 dogs and pneumonia and 
empyema in 2. In3 animals at 8, 17, and 80 days 
postoperatively the graft was well-aerated and 
appeared normal grossly. 

Light microscopy suggested the entire spec- 
trum of acute rejection seen in Group B, but the 
period over which these changes occurred was 
greatly attenuated. The degree of response, if 
estimated by the absolute number or volume of 
lymphocytes, was depressed at any arbitrary 
time postoperatively when compared with 
Group B. End-stage infections and sudden ter- 
minal venous thrombosis were commonly seen 
in these immunosuppressed animals. No sym- 
pathetic response of perivascular and peribron- 
chial mononuclear cell infiltration in the recip- 
ient’s right lung was identified. 

The rejection response identified by electron 
microscopy was similar to that in Group B, but 
the period over which these changes occurred 
was prolonged. When acute rejection was pres- 
ent the alveolar type I and type II pneumocytes, 
endothelial cells, and basement membranes 
were all intact. It was only in the end-stage of 
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Fig 3. Electron micrograph of a lung 4 days after 
unabrogatedallotransplantation. A large central host 
lymphocyte (L) is undergoing mitosis and 
lymphoblastic transformation in a capillary. The 
adjacent endothelium (e) and basement membrane 
(black arrows) are intact. Type l pneumocytes (p), 
lining the alveoli (A), show no abnormalities (no 
swelling, no desquamation). The antigenic stimulus 
that sensitizes lymphocytes and the target organ to 
which they react have not been identified, (Original 
magnification X8,500.) 


necrosis that changes in these and all other struc- 
tures were present. 

GROUP D (LEFT ALLOTRANSPLANTATION, POSTOP- 
ERATIVE IMMUNOSUPPRESSION, AND DONOR PRE- 
TREATMENT). All 10 animals survived opera- 
tion. Three died 8 to 12 days postoperatively, 
and 7 were killed at 5 to 136 days. Postmortem 
examination suggested classical acute rejection 
in 2 dogs, incomplete atrial thrombosis in 2 
dogs, and hemorrhagic bronchitis in 1. In 6 the 
allograft was well aerated and appeared grossly 
normal (5, 13, 45, 68, 84, and 136 days postopera- 
tively). 

Light and electron microscopy demonstrated 


an even greater abrogation of the rejection re- 
sponse than in Groups B and C. Light and elec- 
tron photomicrographs were entirely within 
normal limits in most long-term survivors. 
Based on the findings of light and electron mi- 
croscopy, the lung’s antigenic stimulus, which 
elicits the cellular response, and the target organ 
or organelle to which the T-lymphocytes react 
have not been identified. 


Pulmonary Function 


Pulmonary function studies were obtained by 
ventilation and perfusion scintillation scans 
done preoperatively for controls and at varying 
periods postoperatively (Fig 5). Both mean ven- 
tilation distribution and mean perfusion dis- 
tribution were 52% in the right lung and 48% in 
the left lung. The calculated V/Q ratio of normal 
right lung was 0.99 and of normal left lung, 1.02. 
The scans confirmed radiographic findings and 
correlated in all instances with postoperative 
findings, both gross and microscopical. 

GROUP A (TABLE 2). Ventilation and perfusion 
became compromised after autotransplantation 
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Fig 4. Electron micrograph of a lung 80 days after 
allotransplantation and postoperative 
immunosuppression. The capillaries (V) are lined by 
normal endothelial cells (open black arrow) 
interconnected to each other by normal 

electron-dense zones. The white arrow lies upon the 
nucleus of an endothelial cell and points to an 

adjacent normal basement membrane. Type I (black 
arrows) and type II (P) pneumocytes, lining the alveoli 
(A), are intact, and there is mild edema of the interstitial 
compartment. Architectural integrity is present. 
(Original magnification X5,000.) 


but returned to normal within 13 days after op- 
eration if no anatomical abnormalities had been 
created or had developed. This has been referred 
to in the literature as the “reimplantation re- 
sponse.” The period of time for resolution varies 
(5 to 21 days) and is dependent upon intraopera- 
tive ischemia times, degree of manipulation, 
and technique. V/Q ratios were calculated in all 
instances and provided little information on the 
pathophysiological mechanism responsible for 


p care 


lung malfunction. Absolute percentages of ven- 
tilation and perfusion were of greater value in 
identifying a specific pathological process. 
GROUP B (TABLE 3). In unabrogated allotrans- 
plantation, ventilation and perfusion progres- 
sively fell from 3 to 6 days postoperatively, with 
the perfusion defect predominating in most in- 
stances. At 6 days these measurements were al- 
most unrecordable. Postmortem examination at 
5 to 17 days demonstrated total thrombosis of 
pulmonary veins in all nonsurviving dogs. 
GROUP C (TABLE 4). After allotransplantation 
and recipient immunosuppression, lung func- 
tion as determined by scanning techniques was 
prolonged compared with unabrogated graft 
function. In all scans performed within 20 days 
of operation (except for Dog C9), some degree of 
function was present in the allograft. In a 76-day 
survivor, 82% of left lung ventilation and 30% of 
left lung perfusion were present. In all 3 in- 
stances when lung function was greatly de- 
pressed (Dogs C2, C9, C10), classical rejection 
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Fig 5. Normal canine ventilation and perfusion 
scans. 


Table 2. Ventilation and Perfusion Studies in 
Group A(Pulmonary Autotransplantation) 











V (%) Q (%) ViQ 
Days 
Dog Postop Right Left Right Left Right Left 
Al 11 55 45 78 22 0.69 2.13 
A2 20 71 29 65 35 1.07 0.85 
A2 41 67 33 65 35 1.04 0.93 
AS 4 87 13 63 37 1.38 0.35 
A5 13 63 37 73 27 0.87 1.34 
A6 4 63 37 83 17 0.76 2.18 
A6 48 56 44 49 51 13 0.87 


oo 


V = ventilation; Q = perfusion. 


Table 3. Ventilation and Perfusion Studies in 
Group B (Allotransplantation—No 





Immunosuppression) 
eeeeseseeSsSs 
V (%) Q (%) VIQ 
Days 

Dog Postop Right Left Right Left Right Left 

B4 4 94 6 96 4 0.98 1.60 

B5 3 60 40 73 27 0.81 1.50 

B5 6 88 12 91 9 0.97 1.27 

B6 4 93 z 93 ri 1.00 1.03 

B7  6(0-5 88 12 95 5 0.93 2.15 
sec) 

B7 6 (14-19 94 6 94 6 0.99 1.14 
sec) 

B7 106 65 35 59 41 1.14 0.80 


V = ventilation; Q = perfusion. 


Table 4. Ventilation and Perfusion Studies in 
Group C (Allotransplantation—Postoperative 





Immunosuppression) 
= 
V (%) Q (%) vQ 

Days 
Dog Postop Right Left Right Left Right Left 
a R 
@ 7 88 BW ya 
C6 4 Pr 87 I ses ane 
C6 6 56 4 9 8 061 5.64 
C6 25 54 46 78 22 069 207 
C6 5 59 4 84 16 0.70 262 
C6 7% 59 41 85 15 0.69 276 
8 n 83 17 64 36 130 047 
co 4 53 47 79 21 0.68 219 
C&O 9 97 3 98 2 099 157 
cio 7 88 12 95 5 0.92 245 


V = ventilation; Q = perfusion. 


with thrombosis of the pulmonary veins was 
identified at postmortem examination. 

GROUP D (TABLE 5). With both recipient post- 
operative immunosuppression and donor pre- 
treatment, lung function was noticeably pro- 
longed compared with Group C. In all dogs, left 
lung ventilation up to 20 days postoperatively 
ranged between 36 to 92% of normal and perfu- 
sion between 28 to 74% of normal. At any one 
time the perfusion was consistently the more 
depressed of the two values, which reflects a 
greater defect in the microvasculature than in 
the ventilatory system in the pathophysiology of 
rejection. 

The ability of donor pretreatment to abrogate 
rejection in lung allotransplantation to a greater 
degree than any regimen of immunosuppres- 
sion previously described in the literature was 
best exemplified by subjecting our data to ap- 
propriate statistical analysis. Graphic correla- 
tion of consummate function (V % and QL%) 
and time (postoperative) was performed for each 
of the four groups of dogs (Fig 6). Scatter dia- 
grams indicated a trend. Data were then pre- 
sented to a computerized program for linear re- 
gression equation and correlation coefficient 
analysis. Figure 6 demonstrates a 30% (arbitrar- 
ily selected) graft function at 4 days without im- 
munosuppression, at 13 days with postopera- 
tive immunosuppression, and at 51 days with 
both immunosuppression and donor pretreat- 
ment. After autotransplantation the positive 
slope indicates progressively improved lung 
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Table 5. Ventilation and Perfusion Studies in 
Group D (Allotransplantation—Donor 
Pretreatment) 











V (%) Q (%) VIQ 
Days 
Dog Postop Right Left Right Left Right Left 
D1 6 74 26 86 14 0.86 1.83 
D1 11 60 40 82 18 0.73 2.26 
D2 6 75 25 78 22 0.96 1:13 
D3 4 56 44 71 29 0.79 1.51 
D3 6 54 46 63 37 0.85 1.25 
D3 20 76 24 74 26 1.03 0.92 
D5 6 77 23 85 15 0.91 1,51 
D6 11 82 18 86 14 0.95 1.29 
D8 76 24 83 17 0.92 1.39 
D9 12 54 46 69 31 0.78 1.48 
D9 48 58 42 65 35 0.89 1.20 
D10 49 63 37 62 38 1.02 0.97 


V = ventilation; Q = perfusion. 
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Fig 6. Graphic correlation of graft function and time 
(posttransplant). Thirty percent function occurs at4 
days in Group B (no immunosuppression), at 13 
days in Group C (postoperative 
immunosuppression), and at 51 days in Group D 
(postoperative immunosuppression and donor 
pretreatment). 


function following resolution of the initial 
reimplantation response. 

All scans were photographed by Polaroid pro- 
cess at varying times during each study so as to 
provide visual subjective appreciation of de- 
fects. The rebreathing cycle of the ventilation 
study was informative in 1 dog (No. A6) that had 
60% bronchial stenosis developing in a left 
bronchus 48 days after left lung autotransplanta- 
tion. The initial inflation ventilation scan dem- 
onstrated a defect in total lung ventilation that 
gradually normalized in the rebreathing cycle. 
The washout phase was also delayed. 


The following linear regression equations 
have been represented graphically: 


Group A y = 48.78 + 0.23x r= +0.85 
Group B y = 67.74 — 4.78x r= —0.90 
Group C y = 44.80 — 0.55x r= —0.92 
Group D y = 55.44 — 0.25x r= —0.90 
Comment 


In order to suppress the allograft rejection re- 
sponse in renal transplantation, various mo- 
dalities of immunosuppression have been re- 
searched in both animals and man [27, 28, 34, 37, 
41]. These methods inhibit, to a variable degree, 
the sensitization phases of the afferent arc, or the 
effector phases of the efferent arc, of the immune 
response. Results of therapy depend on effective 
depression or inactivation of sensitized, trans- 
formed small lymphocytes and plasma cells. 
Both the cellular and humoral phases of immun- 
ity are intimately involved in graft rejection, the 
role that each contributes, and the exact mecha- 
nisms by which immunosuppression therapy 
can alter their activities, have not yet been 
clarified. 

In a renal allograft system crossing a major 
immunogenetic barrier in which acute rejection 
uniformly leads to a nonfunctioning kidney in 7 
days, pretreatment of the donor kidney with 
high doses of cyclophosphamide, methotrexate, 
and procarbazine markedly reduces the allograft 
rejection pattern of the organ in a large number 
of untreated recipients [22, 24]. This effect is 
caused by a reduction in graft immunogenicity 
following the destruction of nonparenchymal 
cells of hematopoietic origin (mobile passenger 
leukocytes), which are the stimulus of allograft 
immunity and possibly the targets for certain 
effector mechanisms. 

In renal allotransplantation, immunosuppres- 
sion is statistically much less effective in dogs 
than in humans in modifying the rejection re- 
sponse [12]. The truth of this statement has not 
yet been validated in lung transplantation be- 
cause there have been few clinical lung trans- 
plantations [47]. Factors in addition to rejection 
can produce postoperative pulmonary malfunc- 
tion and must also be considered as variables in 
any controlled trial. The technical difficulties en- 
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countered at operation and the toxicities as- 
sociated with immunosuppressive therapy are 
also greater in dogs than in humans. In outbred 
mongrel dog populations subjected to transplan- 
tation, an indeterminable fortuitous histocom- 
patibility appears to be the most influential fac- 
tor in the control of rejection and prolongation of 
survival. If the immunosuppressive regimen is 
identical in a large number of these dogs, they all 
develop different degrees of attenuated rejection 
because of differing histocompatibilities [4, 8, 
15]. Tissue typing has been done infrequently in 
dogs [45], blood grouping is totally impractical, 
and matching for preformed recipient cytotoxic 
antibodies is of little help in predicting outcome. 
Methods for assessing the cellular response 
postoperatively have not produced reliable and 
reproducible results.* 

In canine pulmonary allotransplantation sev- 
eral immunosuppressive regimens have been 
proposed. Methotrexate has been used alone [3, 
7, 9, 10, 35, 43] or in combination with other 
agents [6, 8, 10, 44]. Azathioprine has also been 
used alone [4, 14, 18, 36, 38] but is currently 
being used concomitantly with corticosteroids, 
mainly methylprednisolone [2, 11, 16, 17; 19,21, 
26, 31, 44, 46]. Cyclophosphamide, with or 
without concomitant methotrexate, or ac- 
tinomycin C alone has markedly altered the im- 
mune response [1, 33]. 

In experimental and human renal allotrans- 
plantation, Guttmann [22] has successfully 
abrogated rejection with an 82% one-year func- 
tional survival by pretreating the donor for at 
least 5 hours preoperatively with massive doses 
of cyclophosphamide and methylprednisolone. 
Utilizing this regimen, the results in canine lung 
allotransplantation further support the success 
of this method of immunosuppression. 

The pathogenesis of canine lung allograft re- 
jection is difficult to assess histologically be- 
cause of the directly open and potentially con- 
taminated communication between the envi- 
ronment and the graft, which results in sub- 
sequent secondary graft infection. At times it 
may be impossible to differentiate histologically 
between an acute inflammatory response to 
bacterial infection and rejection. Veith [5, 46] 


*Benfield JR: Personal communication, 1976. 


subdivides classical rejection into three phases: 
alveolar, vascular, and necrotic. 

The alveolar phase, occurring 2 to 3 days post- 
operatively, is characterized by a fibrinous 
exudate into alveoli, with swelling of type I 
pneumocytes followed promptly by their disso- 
lution. The vascular or cellular phase, occurring 
2 to 5 days postoperatively, is characterized by 
segmental peripheral arteriolar narrowing due 
to mononuclear cell perivascular cuffing, en- 
dothelial swelling, and intimal hyperplasia. 
Platelet thrombi occur late in this phase, well 
after vascular obstruction is seen angiographi- 
cally. The final necrotic phase is a consumma- 
tion of the first two, with further architectural 
disruption and supervening infection [39]. 

Our findings suggest that architectural integ- 
rity of the lung persists until terminal necrosis 
occurs, with a common pathway of thrombosis 
with or without infection. No histological 
changes have been seen on light and electron 
microscopy in type I and type II pneumocytes, in 
endothelium, and in basement membranes until 
the final necrotic event produces rapid and total 
parenchymal dissolution. Acute and chronic 
rejection differed only in the quantity of 
T-lymphocytes present in a unit lung volume. 
The initiation of terminal vessel thrombosis re- 
quires further investigation. 

No agent or combination of agents has consis- 
tently abrogated the rejection response. Donor 
pretreatment has prolonged histological integ- 
rity and functional survival as assessed by venti- 
lation and perfusion scanning studies in canine 
pulmonary allografts. With improved immu- 
nosuppression and operative technique, pro- 
longed survival might also be attained in the 
clinical situation. 
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Discussion 

DR. WATTS WEBB (Syracuse, NY): There is no doubt 
that passenger leukocytes are important, but they are 
not solely the answer in canine lung transplantation. 
The classic work of Frank Stewart showed that when 
“chimeras” were produced, the donated organ had all 
the same leukocytes as the recipient animal; neverthe- 
less, these were quickly rejected. Guttmann’s work suf- 
fered from some of the problems that may be shown 
here. Lungs of dogs have different antigenicity, and 


each recipient animal has different reactivities. Thus 
it is difficult to standardize an experiment of this 
nature. 

In addition, I wonder if there might not be a learn- 
ing factor here. Because the controlled allografts had 
such a short life span, I wonder if these were not done 
very early in the experience. Were all these animals 
rotated randomly, because different technicians and 
the time of year can influence graft survival. 

Also, since methylprednisolone was used in the 
pretreatment, I wonder if this, rather than getting rid 
of the passenger leukocytes, might not have been a 
major factor. Because methylprednisolone is very ef- 
fective in protecting the allograft from ischemic in- 
jury, this might not have been as important as re- 
moval of the leukocytes. Cytoxan, in the dosage re- 
ported here, has toxic effect on the kidney and tubular 
cells. I don’t know what its effect is on the lung. In our 
laboratories Dr. Burleson has been doing somewhat 
comparable work with the kidney rather than the 
lung, and he has found that by using the same donor 
for both kidneys and implanting both into the same 
animal, so as to alleviate the problems of different 
antigenicity and different reactivity of the recipient, 
there is no difference. If anything, the treated ones 
survive a shorter time because of the toxic effect of 
the Cytoxan. 


DR. DONALD R. KAHN (Madison, WI): We have been 
studying the mechanism of the passenger leukocyte 
effect on rejection in different types of transplants. 
The passenger leukocyte plays an important role in 
rejection, but it takes much longer to get rid of the 
passenger leukocytes than had previously been an- 
ticipated. Five hours of donor pretreatment are re- 
quired to affect passenger leukocytes. In organ culture 
almost four weeks are necessary to eliminate the 
passenger leukocyte effect. The LD antigen on the 
passenger leukocyte seems to act as a helper to the SD 
antigens from the graft itself. The SD antigen needs 
the helper LD antigen so as to achieve a strong rejec- 
tion response. I think we will find that complete 
elimination of passenger leukocytes will be very help- 
ful in controlling rejection. 


False-Positive Cytological 


Diagnosis of Lung Carcinoma 
in Patients with Pulmonary Infarcts 


William G. Scoggins, M.D., Rodney H. Smith, M.D., 
William J. Frable, M.D., and Walter J. O'Donohue, Jr., M.D. 


ABSTRACT Cytological examination of specimens 
obtained from the tracheobronchial tree has become 
an integral part of the evaluation of pulmonary le- 
sions. Cytological criteria for the diagnosis of car- 
cinoma exist and are well defined. Certain benign 
processes, however, may possess features strongly 
suggestive of carcinoma of the lung. We report 3 
patients in whom a positive cytological diagnosis of 
carcinoma of the lung was made by an experienced 
cytopathologist. At operation each patient was found 
to have a pulmonary infarct and no evidence of car- 
cinoma. Review of this experience has disclosed 
cytological and clinical features that should alert the 
clinician to the possibility that the cytological diag- 
nosis of lung cancer may be misleading in certain 
nonmalignant diseases. 


In the past thirty years several factors have revo- 
lutionized the evaluation of patients with ab- 
normalities in the lower respiratory tract. These 
include radiological advances (laminagraphy 
and bronchography), invasive procedures with 
less morbidity (mediastinoscopy and aspiration 
and trephine needle biopsies), and more re- 
cently fiberoptic bronchoscopy. As important as 
these procedures are, the value of cytological 
investigation of the respiratory tract has been 
paramount, serving as a screening procedure 
and, inselected cases, as a basis forinstitution of 
therapy. 

In the hands of experienced cytopathologists, 
the sensitivity and specificity of this procedure 
in discriminating benign from malignant pro- 
cesses is remarkable. In our institution we have 
handled 9,375 respiratory cytology specimens 
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during the past five years. Of these, 310 patients 
were diagnosed as having carcinoma of the lung 
that was subsequently proved histologically. 
During the same period, cytological false- 
positive diagnoses were made in 15 patients 
shown to have benign disease. Although this is 
a small percentage in terms of total number of 
samples studied (0.16%) and in terms of car- 
cinoma proven by histology (4.6%), it is a cause 
of concern and caution. Several benign condi- 
tions exist in which exfoliated cells may be 
interpreted as malignant. The false-positive 
diagnoses occur in nonspecific bronchial 
dysplastic processes, certain viral diseases, 
pulmonary fibrosis, thermal injury, anthracosis, 
and chronic organizing pneumonias [4, 6]. 
Eleven of our false-positive diagnoses were in 
patients whose disease was secondary to 
dysplasia, short of frank carcinoma. Another 
was in a patient who had chronic interstitial 
pneumonia. The remaining 3 specimens were 
from patients with pulmonary infarcts, a source 
of error recognized by experienced cyto- 
pathologists but rarely reported and not well 
recognized clinically [1, 2, 4, 5, 6]. The clini- 
cal history of these patients is reported. 


Case Reports 

Patient 1 

A 40-year-old man was admitted with a one- 
week history of severe shortness of breath and a 
productive cough. Concomitantly, he had 
anorexia, nausea, and vomiting. There was a 35 
package year history of cigarette smoking. 

On admission he had a blood pressure of 
120/75 mm Hg; pulse was 134 beats per minute, 
and respirations were 50 per minute and la- 
bored. Temperature was 37.5°C. Examination of 
the chest revealed increased anteroposterior 
diameter with diffusely increased resonance to 
percussion. Rales were heard at both bases, left 
greater than right. 


475 Scoggins et al: False-Positive Cytological Lung Cancer Diagnosis 


Initial laboratory data revealed a hemoglobin 
of 13.9 gm/100 ml with a white cell count of 1,400 
per cubic millimeter. Platelets were reduced to 
50,000/mm*. Blood gases revealed Po, of 45 mm 
Hg, Pco, 38 mm Hg, and pH 7.51 while he 
received oxygen from a 28% Ventimask. A chest 
roentgenogram showed infiltrates in the 
superior segment of the left lower lobe, the ling- 
ula, and the right upper lobe, which progressed 
to a large cavitating lesion of the left upper lobe 
(Fig 1). Two sputum cytology samples were re- 
ported as “highly suggestive of carcinoma.” 
Fiberoptic bronchoscopy revealed erythema of 
the superior lingular orifice. Brush biopsies 
were consistent with undifferentiated squamous 
cell carcinoma (Fig 2). A scalene node dissec- 
tion revealed no evidence of carcinoma. A left 
upper lobectomy was performed. Pathological 


Fig 1. (Patient 1.) Laminagram of cavitary lesion 
in lingula showing multiple cysts and a thick 
wall extending to the lateral pleural surface. 





examination revealed a cavitary infarct with 
thrombosis of the pulmonary artery. 


Patient 2 


A 61-year-old man had a two-day history of left 
anterolateral pleuritic chest pain. He had 
smoked 2 packs of cigarettes per day for forty 
years. Physical examination and chest roent- 
genogram at that time were interpreted as un- 
remarkable. When seen one week later, the pa- 
tient had persistent pain and had developed a 
cough productive of yellow sputum. A chest 
roentgenogram revealed an alveolar density in 
the anterior segment of the left upper lobe with 
evidence of an air-fluid level (Fig 3). There had 
been intermittent fever without hemoptysis. 

On admission to the hospital he had a blood 
pressure of 120/80 mm Hg, pulse of 90 beats per 
minute, respiration of 18 per minute, and tem- 
perature 37.25°C. Physical examination revealed 
decreased diaphragmatic excursion on the left 
side with a generalized reduction in breath 
sounds. The rest of the physical examination 
was unremarkable. 

Admission hemoglobin was 11.3 gm/100 ml 
with a white blood cell count of 16,000/mm? and 
a shift to the left. Gram stain of the sputum 
revealed many neutrophilic leukocytes with 
gram-positive diplococci which subsequently 
proved to be Streptococcus pneumoniae. Sputa 
were negative for tuberculosis and fungi, and 
cytological studies were unremarkable. Lung 
abscess was diagnosed, and clindamycin was 
given intravenously. 

Six days after admission the patient under- 
went fiberoptic bronchoscopy with the aid of 
fluoroscopy. Brush biopsy yielded cells consis- 
tent with well-differentiated adenocarcinoma 
(Fig 4). Rigid bronchoscopy and bilateral scalene 
node dissection were negative. At thoracotomy 
a mass 4 cm in diameter was found in the an- 
terior segment of the left upper lobe. Left upper 
lobectomy was performed. Pathological exam- 
ination demonstrated a cavitating pulmonary 
infarct. No malignancy was seen. 


Patient 3 

A 55-year-old man had generalized weakness 
and migratory joint pains, and had developed 
ecchymotic areas on the dorsum of the hands 
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Fig 2. (Patient 1.) (Inset) Clump of cells showing 
increased nuclear-cytoplasmic ratio, good cell 
separation with some depth of focus but poor 
nuclear detail, some nuclear molding, variation 
in cell size, and very tight cell clustering. 

(H&E; original magnification 1,000.) 

The main figure is a tissue section in an area of 
infarct showing similar cells lining alveoli and 
terminal bronchioles. (H&E; original magnifi- 
cation X400.) 


and feet two weeks following a course of 
cephalexin for otitis media. The patient denied 
any respiratory complaints, but he admitted to 
having smoked a pack of cigarettes per day for 
more than forty years. 

Physical examination revealed a blood pres- 
sure of 120/86 mm Hg, pulse of 96 beats per 
minute, respirations of 18 per minute, and tem- 
perature of 37.3°C. The patient was pale, and 
superficial tongue ulcers were present. There 
were ecchymoses on the dorsum of the hands, 
the feet, and the elbows. Examination of the 
lungs was within normal limits. Hemoglobin 
was 7.1 gm/100 ml; white blood cell count was 


1,800/mm*. Platelet count and coagulation 





studies were within normal limits. A chest 
roentgenogram showed bilateral alveolar infil- 
trates, which spared the apices (Fig 5). Arterial 
blood gases revealed a Po, of 55 mm Hg, Pco, of 
28 mm Hg, and pH of 7.45. The patient was 
thought to have drug-induced vasculitis, and he 
was started on prednisone, 120 mg per day. He 
was transfused, and an open-lung biopsy was 
scheduled. On routine preoperative bronchos- 
copy, blood was noted to be originating from 
both main brenchi. Bronchial brushings re- 
vealed atypical bronchial cells consistent with 
adenocarcinoma (Fig 6). Left thoracotomy with 
lingular biopsy revealed a pulmonary throm- 
boembolus with alveolar hemorrhage and 








Fig 4. (Patient 2.) (Inset) Group of atypical cells 
showing increased nuclear-cytoplasmic ratio, 
good nuclear detail with nucleoli, and variation 
in size of nuclei. Note slight depth of focus, 
common cell border, and cilia. (H&E; original 
magnification X1,000.) 

The main figure is of ulcerated bronchus, 
adjacent to the infarct showing transition from 
normal ciliated cells to the more aberrant cells 
seen in the inset as one moves along the epithelial 
border. (H&E; original magnification x400.) 
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Fig 3. Posteroanterior chest roentgenogram 
(Patient 2) demonstrating alveolar density in 
anterior segment of left upper lobe with multiple 
cavities, 


Fig 5. (Patient 3.) Diffuse bilateral alveolar 
infiltrates are seen, sparing the apices. 








Fig 6. (Patient 3.) (Inset) Atypical cells from 
brush biopsy show increased nuclear- 
cytoplasmic ratio, good cell preservation 
with some depth of focus and with recognizable 
nucleoli but lacking good nuclear detail. Some 
nuclear molding is present. (H&E; original 
magnification X1,000.) 

The main figure is of the area distal to the 
infarct and shows similar cells lining the alveoli. 
(H&E; original magnification X400.) 
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chronic interstitial pneumonitis. Renal insuffi- 
ciency developed postoperatively and necessi- 
tated hemodialysis. Cytoxan, 150 mg daily, was 
also begun. Although the pulmonary infiltrates 
resolved, bone marrow suppression and gas- 
trointestinal bleeding occurred, and the patient 
died. Postmortem examination revealed pul- 
monary hemorrhage, chronic inflammation, 
hemosiderosis with interstitial fibrosis, and 
multiple microscopical pulmonary infarcts. 
There was no evidence of carcinoma. 


Comment 


Cytological criteria for the diagnosis of car- 
cinoma of the lung are well described and vary 
with specific cell types [4]. It is important, how- 
ever, to evaluate the cytological information in 
the 3 patients presented to find clues to the 
false-positive diagnosis. All3 patients had atyp- 
ical cells that were regarded as consistent with 
carcinoma. Retrospectively, several characteris- 
tics were present that should have favored a 
benign diagnosis. 

In each instance the number of atypical cells 
was small, although malignant characteristics of 
individual cells were obvious. An inconsistent 
pattern of atypical cells within individual 
groups as well as variability in the morphology 
of the abnormal cells from field to field mitigated 
against the diagnosis. The cells were ciliated in 1 
patient. Other subtle characteristics such as poor 
nuclear detail, common cell border, lack of depth 
of focus, variation of cell size, and clusters of 
atypical cells grouped more tightly than those 
usually seen with adenocarcinoma were notable 
on close scrutiny. 

The question of the site of origin of these cells 
and why they present this atypical picture 
naturally follows. As was demonstrated in the 
pathological material from each patient, bron- 
chiolar or alveolar epithelium is the source (see 
Figs 2, 4, 6). Normally, bronchiolar cells are 
small, single, and inconspicuous in sputum. 
However, in the face of injury they may enlarge 
and slough, either singly or in papillary clumps. 
This cellular atypia appears to reflect reparative 
hyperplasia in response to cell damage and may 
be important in regeneration and repair of the 
injured areas. The exact nature of the precipitat- 
ing injury in pulmonary infarction is unknown, 


but it may be due to local hypoxia, which has 
been shown to produce similar metaplastic 
changes in rabbit bronchiolar epithelium [2]. It 
is in this setting that cytological interpretation 
becomes difficult and the transition from 
hyperplasia to neoplasia may be indistinguish- 
able. 

Whether this dysplasia represents a pre- 
malignant change is an intriguing possibility. 
Transition from basal cell metaplasia to invasive 
carcinoma has been previously observed [2]. 
The presence of preexisting pulmonary disease 
in patients with bronchiolar carcinoma has fre- 
quently been reported [5]. In 1 of our patients, 
postmortem examination excluded coexistent 
neoplasm. Prolonged survival as well as careful 
review of resected lung tissue seems to have 
excluded it in the other 2 patients, 1 of whom has 
been followed for two years and the other for 
three years. 

Other factors to be considered were the influ- 
ence of sampling technique and processing in 
view of the atypical nature of these cells. All 3 
patients had positive findings from brush 
biopsy. A review of our records showed no var- 
iation from the norm in the way these specimens 
were collected, processed, or stained. In addi- 
tion there was no time clustering effect. The first 
patient was seen two years prior to Patient 3. 

Only Patient 1 had false-positive sputum 
cytology samples in addition to the positive 
brushing. This seems to indicate a greater likeli- 
hood of error with brushings. A possible expla- 
nation is that direct brushings affords more 
selective sampling and provides freshly ex- 
foliated cells, which are better preserved and 
therefore demand interpretation. In less selec- 
tive techniques such as sputum sampling, these 
cells may be disregarded as degenerated or 
poorly preserved cells, especially when present 
in small numbers. 

In questionable areas of cytological interpreta- 
tion, the clinical picture can contribute substan- 
tially. We were unable to find unequivocal sup- 
port for the diagnosis of pulmonary embolism, 
in our patients, but we did find much to support 
the false-positive diagnosis of carcinoma, espe- 
cially in the first 2 patients. Each of our patiénts 
was in the age group for lung cancer. Each had a 
strong history of smoking. Two patients had not 
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only pulmonary masses but also cavitary lesions 
in the upper lobes (the site of fewer than 10% of 
all pulmonary infarcts [3]). Each had bronchial 
brushings positive for cancer and no identifi- 
able source for an embolus. 

Some aspects of the history and clinical course 
of Patients 1 and 2 were unusual for carcinoma of 
the lung, especially the rapid onset of the pul- 
monary masses and the acute initial illnesses. 
Neither marked weight loss nor other constitu- 
tional symptoms were reported. Additionally, 
Patient 2 had a history of pleuritic chest pain 
with a minimally abnormal chest roentgeno- 
gram. The combination of a thick-walled, cavi- 
tary upper lobe mass in a man with a history of 
more than 35 package years of cigarette smoking 
and positive findings on bronchial brush biopsy 
were enough to justify thoracotomy and lobec- 
tomy, however. 

The obvious and most pertinent question is 
whether this awareness of false-positive sputum 
cytologies in pulmonary infarcts is clinically 
useful. 

Recently, we have seen a 27-year-old woman 
whose findings on chest roentgenogram were 
interpreted as “carcinoma until proven other- 
wise.” Her sputum showed strikingly atypical 
cells similar to those described in the cases pre- 
sented. Based on our previous experience with 
these 3 patients, together with her young age 
and the fact that she was on birth control pills, 
we suggested the diagnosis of pulmonary in- 
farct. Anticoagulation was begun, followed 
shortly by the clinical appearance of deep leg 
vein thrombophlebitis. In three weeks she had a 


normal chest roentgenogram, and she is living 
and well two years later. 

We have emphasized the value of cytopathol- 
ogy in the evaluation of patients with lower res- 
piratory tract disease. The patients with a false- 
positive diagnosis presented here, as well as 
those alluded to, should not dampen the en- 
thusiasm for this diagnostic tool or reflect on its 
usefulness. However, as with any laboratory 
aid, it should be correlated closely with all avail- 
able information including clinical, radiologi- 
cal, and historical features. Occasionally a 
false-positive diagnosis is unavoidable, as we 
believe was the case with our 3 patients. We 
present these patients and this information to 
bring about a greater awareness of this problem 
so that definitive diagnosis of pulmonary pa- 
tients with atypical cytological findings may be 
enhanced. 
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How would you improve 
the predictability of 
today’s pulse generator? 





e With a more dependable 
power source? 


e With special circuitry? 
e With a triple hermetic seal? 


e With two voltage 
depletion indicators? 


e With low specific gravity? 


e With less risk of 
product failure? 


e With a “no-nonsense” A 
product guarantee? 





Your pulse generator has 





Improved predictability with 
the only lithium thionyl 
chloride power source. 
Lithium thionyl chloride, with 
one of the highest energy 
densities presently known, 
permits a small, lightweight 
battery that is longer lasting 
than other cells of comparable 
size in any given application. 
Individual cell hermetic 
sealing and no generation of 
internal pressure contribute to 
the fact that there has not 
been areport of asingle power 
source failure in clinical use(1). 


Improved predictability with 
two voltage depletion 
indicators. 

Both an automatic and mag- 
netic pulse rate provide 
advance warning of cell volt- 
age depletion. The magnetic 
rate begins to decrease a 
number of months prior to the 
automatic rate to provide 
ample replacement time (4). 


Improved predictability with a 
more natural specific gravity 
than most pulse generators. 
The specific gravity of 
ARCOlith™ pulse generators 
is just slightly greater than that 
of the body's tissues; thus, 
migration is minimized for 
added patient comfort. 


Improved predictability with 
specially designed circuitry. 
Developed specifically for 
use with our exclusive power 
cells, this circuitry offers long 
life and reliability. In fact, our 
power cells are electrically 
connected in atruly redundant 
fashion, which assures unin- 
terrupted operation even if 
one cell should fail (2). 





Improved predictability with 
an extended “burn-in” test. 
Prior to market release every 
unit must undergo 70 days of 
operation. This virtually 
eliminates initial implant 
failure and assures you and 
your patients of effective per- 
formance and long life (5). 


Improved predictability with a 
triple hermetic sealing 
process. 

The power cells, the elec- 
tronics, and the outer case of 
corrosion-resistant titanium 
are all individually hermet- 
ically sealed to provide dual BURN-IN PERIOD 

protection and virtually isolate GEL. ur 
components from the invasion ec 
and migration of body fluids(3), 
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The predictability of ARCOlith pulse generators has been 
so improved they carry a“no-nonsense’ product guarantee. 


In essence: 

1. Should an ARCOlith pulse generator become 2. Should an ARCOlith pulse generator become 
defective for any reason up to and including 60 days defective for any reason after 60 days up to the 
following implant, we will replace it and pay al/ end of the warranty period* we will replace it and 
reasonable surgical and hospital costs* pay up to $200 in surgical and hospital costs* 


*See warranty for specific details 
tIdealized graph based on extrapolated data 


ARCOlith™ 12, 6, and 4 are now the trade names for pulse generator models LI-2, Li-4 and LI-3 


Every ARCOlith pulse generator 
offers you these 
predictable features: 


e Titanium and epoxy casings De i 
proven corrosion resistant to body ea a 
fluids and compatible with human > ie 
tissue over long periods of time 


























e EMI shielding, high-reliability 
filtering components, and special 
circuits help to protect against 
electromagnetic interference 





e Higher interference rate than the 
basic pacing rate provides addi- 
tional protection against PVCs and 
competition, which may occur at 
lower levels 


e High-input impedance enhances 
R-wave sensing 


e Output stage contains voltage 
pulse doubler, which allows truly 
redundant power cells 


Bronchobiliary and Bronchopleural Fistulas 


David P. Boyd, M.D. 


ABSTRACT In the course of treating approximately 
2,000 patients with postoperative stricture of the bile 
duct, 16 bronchopleural and bronchobiliary fistulas 
were encountered. Three patients have been seen in 
the past year. This has prompted a review of our 
experience since it was previously recorded in 1955. 

Fistulous complications of obstructive biliary tract 
disease take three forms: (1) massive fulminating 
biliary empyema; (2) acute necrotizing bile bron- 
chiolitis and pneumonia when pleural symphysis 
exists; and (3) a more indolent, chronic, recurring 
form of bronchobiliary communication. 

We have learned that transdiaphragmatic perfora- 
tion occurs at a certain characteristic location in the 
diaphragm. An understanding of the pathological 
anatomy and pathogenesis has provided a specific 
and sequential mode of surgical treatment. When this 
has been adhered to strictly, cure has resulted. 


Probably the earliest cause of bronchobiliary 
and bronchopleural fistulas was combat 
wounds, although little mention is made in the 
world literature. Because extrahepatic obstruc- 
tion of bile ducts is a factor common to all cases, 
our experience with almost 2,000 repairs of 
postoperative stricture of the bile duct has pro- 
vided us with at least 15, and perhaps consider- 
ably more, biliary thoracic fistulas. At the meet- 
ing of the American Association for Thoracic 
Surgery in 1955, our first 4 patients were pre- 
sented [1]. Last year there were 3 patients with 
such fistulas in the hospital concurrently. Our 
experience with biliary and nonbiliary fistulas, 
which have perforated into the chest, is now 
large enough that several apparently valid prin- 
ciples have emerged. 

The bronchial or pleural fistula will heal only 
if the subphrenic space is adequately drained 
and if the lesion in the bile ducts is corrected. If 
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the latter recurs the biliary fistula will also reap- 
pear, even after several years. 

It has become apparent that perforation 
through the diaphragm occurs at a characteris- 
tic, predictable location. In each instance, perfo- 
ration has been far posterior in the right sub- 
phrenic space and into the posterior basal seg- 
ments of the right lower lobe. Resection of the 
right lower lobe or part of it must be considered 
when these fistulas are discovered. Right lower 
lobectomy seemed justified in our first patient, 
who was operated on more than 25 years ago. 
Since then lobectomy has not been deemed 
necessary. 


Materials and Methods 


Patient 1 


A 59-year-old man was admitted with a draining 
sinus in the right posterior chest. An acute ab- 
dominal condition with generalized peritonitis 
had developed, and exploratory laparotomy was 
performed because of a presumptive diagnosis 
of perforated appendicitis. Postoperatively, 
conditions thought to be pneumonia and em- 
pyema developed. Rib resection drainage in the 
right posterolateral chest was performed. When 
the patient was admitted to our hospital, the 
chest wall sinus was draining large amounts of 
bile and pus. At times this drainage ceased or 
lessened, and chills, fever, and malaise resulted. 
Fluoroscopy showed the diaphragm to be con- 
siderably elevated and obscured, and no motion 
could be seen (Fig 1). A Graham test showed 
nonfilling of the gallbladder. A catheter placed 
in the wound in the chest wall revealed a sinus 
leading to the diaphragm and terminating in the 
posterior portion of the right subdiaphragmatic 
space (Fig 2). Because a communication between 
the biliary tract and the pleura was not ques- 
tioned clinically, an abdominal operation was 
performed. A perforated gallbladder was re- 
moved and the subphrenic space drained. The 
patient made a satisfactory recovery, and the 
pleurobiliary fistula healed. 
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Fig 1. Elevation of right half of diaphragm 
characteristic of subphrenic collections. Note 
location of fluid level. It is hard to conceive of this 
abscess being satisfactorily drained through the 
twelfth rib approach. (From Adams HD: 
Pleurobiliary and bronchobiliary fistulas. ] Thorac 
Surg 30:255, 1955.) 








Fig 2. Injection of contrast material into sinus tract 
passes over top of liver but not through Morison’s 
pouch and small bronchial fistula. 


Patient 2 


A 65-year-old man had a typical attack of acute 
cholecystitis. The gallbladder was removed. 
Chills and fever persisted, and the patient be- 
came jaundiced. Radiographs of the chest 
showed marked elevation of the right side of the 
diaphragm; three weeks later, rib resection was 
performed for what was thought to be empyema. 
When large amounts of bile drained from the 
chest wound the patient was transferred to our 
hospital, where the sinus tract was found to 
communicate with the subphrenic space and the 
pleura through a small posterior perforation. A 
severed common bile duct was repaired and the 
subphrenic space drained. The pleurobiliary fis- 
tula closed spontaneously, and the patient made 
a satisfactory recovery. 

COMMENT. When pleural adhesions to the 
diaphragm are present, a different clinical pic- 
ture ensues. As the subphrenic space becomes 
distended with bile, the soft diaphragm and 
lung—not the firm, rigid liver—yield, with the 
result that bile, which usually is infected, perfo- 
rates into the bronchial tree. In acute cases a 
fulminating, necrotizing bronchiolitis occurs, 
resulting in radiographic findings that some- 
what resemble pulmonary edema except that the 
markings are coarser. Rib resection drainage of 
the subphrenic space must be instituted 
promptly. This results in immediate cessation of 
bile expectoration, but the external biliary fis- 
tula from the subphrenic space will not heal 
until the obstructing lesion in the biliary tract is 
corrected. 


Patient 3 


Another, smaller group of bronchobiliary and 
pleurobiliary fistulas may be of more interest to 
those who do not see many postoperative stric- 
tures of the bile ducts. A 19-year-old man was 
injured when the jeep in which he was riding 
overturned. He was admitted to a hospital, anda 
right hepatic lobectomy was performed. Post- 
operatively, 600 ml or more of bile drained daily. 
A fistulogram showed a normal intrahepatic sys- 
tem in the remaining left lobe but complete ab- 
sence of extrahepatic ducts (Fig 3). A Roux-en-Y 
jejunal biliary anastomosis was performed. 
Eighteen months later he was admitted to the 
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Fig 3. Injection of contrast medium showing normal 
intrahepatic ducts perforating into chest and 
absence of extrahepatic ducts. 


Lahey Clinic for the first time. Exploration re- 
vealed total loss of the external bile ducts, so the 
hepaticojejunostomy was revised. An intermit- 
tent external biliary fistula followed this proce- 
dure, and one month later, for the first time, the 
patient coughed bile. Emergency drainage of the 
subphrenic space was performed because due to 
infected bile, the fulminating bronchopneu- 
monia had caused what was essentially adult 
respiratory distress syndrome. This combina- 
tion of external biliary fistula, intermittent bil- 
iary obstruction, and expectoration of bile re- 
curred on three subsequent occasions over the 
next year. Each time the patient was discharged, 
500 ml of bile a day drained externally into a 
plastic bag. 

Three years after his accident, the patient was 
admitted to the Lahey Clinic for the fourth time. 
He had been draining a half liter of bile exter- 
nally each day for more than a year and a half. 
On reoperation, an operative sinogram showed 
a bronchial fistula (Fig 4). Dr. Kenneth Warren 
placed a Rodney Smith transhepatic U-tube 
through the liver into the jejunum, and the right 
suprahepatic space was drained. The patient's 
serum bilirubin level promptly fell to 1.8 mg per 
100 ml, the lowest in several years. He left the 
hospital within three weeks. No drainage of any 
kind was present, and he was not jaundiced. 





Fig 4. Typical appearance and location of 
bronchobiliary fistula after drainage of subphrenic 
space. Note usual site of perforation of diaphragm. 


When seen recently (one year after his last pro- 
cedure), he had no drainage or cough and had 
gained nearly 16 kg. 


Patient 4 

In January, 1972, a 26-year-old man underwent a 
Whipple operation for a massive adenoma of the 
ampulla of Vater. In Maya bronchobiliary fistula 
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Fig 5. Bronchobiliary fistula. 


developed (Fig 5). The choledochojejunostomy 
was revised, and jaundice and coughing of bile 
were relieved. Sixteen months later, in Sep- 
tember, 1973, he was again coughing bile and 
was first admitted to the Lahey Clinic. He was 
operated on by Dr. Warren for total stricture of 
the choledochojejunostomy. Two fistulas were 
seen to extend from the posterosuperior surface 
of the liver through the diaphragm. Operation 
consisted of excision of these tracts by 
laparotomy, closure of the diaphragm, and revi- 
sion of the choledochojejunostomy plus external 
drainage of the subphrenic space. Cough ceased 
at once, and the patient left the hospital in two 
and a half weeks. 


Comment 


In 1959, in a second paper presented before the 
American Association for Thoracic Surgery on 
the subject of intrathoracic complications of 
subphrenic abscess [4], I suggested that Bar- 
nard’s [2] time-honored anatomical and path- 
ological concepts, which have been widely 
accepted and repeated in textbooks and jour- 
nals, are cumbersome, confusing, and anatomi- 
cally incorrect. Thus it is commonly believed 
that the ligamentous attachments of the liver are 
superior, thereby creating anterior and poste- 
rior spaces between the liver and the diaphragm 
on the right and left. This is the crux of the 
confusion, because spaces are described that do 
not exist. Figure 6A shows how this misconcep- 
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tion regarding the position of the coronary liga- 
ment causes confusion. The crucial point is that 
the ligamentous attachments of the liver are not 
superior but lie far posterior, in common with 
other ligaments and mesenteries of the viscera. 
This important anatomical fact has been dis- 
cussed in detail elsewhere [3, 5]. 

Figure 6B shows the anatomy of the supra- 
hepatic and infrahepatic area as we under- 
stand it. Recalling that 35% of Ochsner and De- 
Bakey’s collected series [7] of subphrenic 
abscesses were in the right posterosuperior 
space, which is an anatomical myth, the impor- 
tance of a closer look is apparent. Examination of 
Figure 6B shows that the spaces above and 
below the liver are not only single on the right 
side and on the left side, but that they are ex- 
tremely large. No partitions are seen above the 
diaphragm except the falciform ligament, unless 
such partitions are caused by pyogenic mem- 
branes. A few minutes at laparotomy or in the 
anatomy laboratory will attest to this fact. 

From the point of view of the thoracic sur- 
geon, the importance of this anatomy lies in the 
frequency of intrathoracic complications of sub- 
phrenic abscess, including those due to obstruc- 
tion of the bile ducts. When the relationships of 
the ligaments are correctly indicated, it will be 
apparent at once that a truly subphrenic abscess 
requires transthoracic drainage. Figure 7 shows 
the title page of Barnard’s original article [2]. His 
definition of subphrenic abscess is precise and 
correct and eliminates subhepatic abscess from 
consideration. Subsequent generations remem- 
bered the anatomy Barnard described but forgot 
his definition. 

The most familiar drawing in all the literature 
on the subject of subphrenic abscess is depicted 
in Figure 8. Although the position of the liga- 
ment is correct, that of the abscess is questiona- 
ble. Surely it is not subphrenic, but posterior 
subhepatic. Figure 9 is from Callander’s Surgical 
Anatomy [6]. Notice how the anatomist titled the 
so-called divisions of the subphrenic and sub- 
hepatic spaces. Note also that no partitions are 
present and that the division into anterior and 
posterior, although perhaps useful, is quite arti- 
ficial. Nevertheless, this operation devised by 
Ochsner doubtless saved many lives by keeping 
surgeons out of the pleura and the peritoneum, 
and it is still useful for subhepatic abscesses. 
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SURGICAL ASPECTS OF SUBPHRENIC 
ABSCESS. 


DELIVERED BEFORE THE SURGICAL SECTION OF THE 
Royat Sooty or MEDIOINE, JANUARY 147TH, 1907. 
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DEFINITION. 
For the purposes of this paper any localized collection of 
pus which is in contact with the under surface of ni 





diaphragm 1s called a subphrenic abscess, 





Fig 7. Barnard's definition of subphrenic abscess. 
(From Barnard HL: Address on surgical aspects of 
subphrenic abscess: delivered before Surgical 
Section of Royal Society of Medicine, January 14, 
1907. Br Med J 1:371, 1908.) 





Fig 8. Key figure from Ochsner’s classic study on 
subphrenic abscess. (Modified from Ochsner A, 
Graves AM: Subphrenic abscess: analysis of 3372 


collected and personal cases. Ann Surg 98:961, 
1933.) 


Fig 6. (A) The superior position of the ligament as (Inset) Surgical technique. Note modest rib 

shown here is the cause of the confusion. (B) The resection, suturing of pleura to diaphragm to create 
correct anatomy. Note posterior location of a window (continuous catgut is currently used), and 
ligament. Approaches to the spaces are indicated. transpleural-transdiaphragmatic drainage of 

(1) Extraserous (Ochsner) approach to subhepatic subphrenic space. (From Boyd DP: The 

space but not to subphrenic space. (2) Transthoracic intrathoracic complications of subphrenic abscess. J] 
route to subphrenic space. (3) Rarely used anterior Thorac Cardiovasc Surg 38:772, 1959.) 

approach to collections (most are far posterior). 
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Fig 9. (A) Surgical anatomy of the subphrenic and 
subhepatic spaces as described by Callander. (B) The 
extraperitoneal approach to an abscess in the 
posterior division of the right subhepatic space ts 
shown. The abscess is adherent to hepatic and 
parietal peritoneum. The inset shows the approach 
to an abscess in the anterior division of the 
subhepatic space. The divisions indicated are 
artificial. (From Callander C: Surgical Anatomy. 
Second edition. Philadelphia, W. B. Saunders Co, 
1943.) 


However, if the abscess is truly subphrenic, 
some modification of the Trendelenburg opera- 
tion is essential. 

Time does not permit a detailed description of 
the technique (see Fig 6B inset). With the help of 
the radiologist, an appropriate segment of rib is 
removed, taking great care not to open the 
pleura. The pleura is then sutured down to the 
diaphragm so as to create a window through 
which the subphrenic space may be drained di- 
rectly, dependently, simply, and effectively. 
Figure 10, which depicts a typical stricture of the 
common duct with a bronchobiliary fistula, 
shows how the bile fails to reach the bronchial 
tree. On the other hand, the location of this 
perforation is anatomically correct, as we have 
shown repeatedly with sinograms, but this is 
not the way that the bile reaches the posterior 
basal segments of the lung. It must do it from in 
front. 


Conclusions 

I have attempted to make several points in this 
presentation. The first is that a bronchobiliary or 
pleurobiliary fistula will heal if the subphrenic 
space is properly drained and the lesion in the 
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space. 
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Fig 10. Bronchobiliary fistula. Incorrect position of 
coronary ligament but correct location of 
transdiaphragmatic perforation of bile. (From 
Adams HD: Pleurobiliary and bronchobiliary 
fistulas. ] Thorac Surg 30:258, 1955.) l 
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bile ducts is corrected. It is not necessary to 
disturb the lung. 

Second, it has been found that the fistulous 
communication between the subphrenic space 
and the pleura or lung occurs in a predictable 
location, which invariably is far posterior. 
When pleural symphysis is present, perforation 
occurs directly into the bronchial tree and into 
the posterior basal segments of the right lower 
lobe. 

Finally, an attempt has been made to render 
subphrenic anatomy simple and clear and to 
emphasize what I consider to be the correct 
anatomy of the suprahepatic region. This should 
be of great interest to thoracic surgeons because 
of the frequency of intrathoracic complications 
of subphrenic infections, including collections 
of bile. 
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HOW TO DO IT 


Internal Mammary Artery Cannulation 


Hillel Laks, M.D., Kenneth Rongey, M.D., John Schweiss, M.D., 


and Vallee L. Willman, M.D. 


ABSTRACT A technique of internal mammary ar- 
tery cannulation is described. This approach offers a 
safe method for arterial monitoring in infants under- 
going thoracotomy for palliative cardiac procedures. 


Neonates undergoing palliative cardiac proce- 
dures are frequently severely cyanotic and 
acidotic. Arterial cannulation allows continuous 
monitoring of arterial pressure and enables arte- 
rial gases and pH to be measured during and 
after the procedure. Radial [2, 6], brachial [1], 
umbilical [3, 7], and temporal [5] artery cannula- 
tions have been described. Our experience has 
shown that cannulation of the internal mam- 
mary artery (IMA) offers a convenient and safe 
alternative method of arterial monitoring in in- 
fants undergoing thoracotomy. 


Technique 

The standard thoracotomy incision used is simi- 
lar for the Blalock-Taussig shunt, the Glenn 
shunt, the Blalock-~Hanlon procedure, and pul- 
monary artery banding. The incision is made in 
the breast crease, starting in the midclavicular 
line and extending to a point one finger’s 
breadth inferior and posterior to the tip of the 
scapula. Particularly in female patients, an inci- 
sion too close to the nipple, or extension of the 
incision more medially, gives a poor cosmetic 
result. The IMA and vein can be easily exposed 
through this incision (Figure). A polyethylene 
catheter* (PE50, 0.058 cm inner diameter, 0.0196 
cm outer diameter) is used to cannulate the ar- 
tery. If a Blalock-Taussig shunt is to be per- 
formed, the cannula is directed inferiorly as the 
proximal end of the internal mammary artery is 
divided in taking down the subclavian artery. 
This gives an excellent pulsatile tracing, as 
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shown in the Figure, and allows for arterial 
sampling. If the artery is small, a 2-0 stainless 
steel wire may be used as an introducer. The 
cannula is brought out obliquely through an 
adjacent intercostal space using a No. 18 thin- 
walled needle, avoiding kinking of the cannula. 
A pull-out stitch is left around the artery in the 
proximal interspace to occlude the artery after 
the catheter is removed. The ligature is tied 
around a rolled gauze pad so as to avoid skin 
necrosis. If required, the internal mammary 
vein may also be cannulated and the catheter 
directed centrally. 


Results 

Since 1966, IMA cannulas have been used in 
more than 1,000 patients. This includes 90 in- 
fants who underwent pulmonary artery band- 
ing, 12 neonates under 1 month of age who 
underwent the Blalock-Taussig shunt, and 26 
infants under 1 year of age who underwent 
coarctation repair. Until July, 1974, this tech- 
nique was used for arterial monitoring in all 
open-heart procedures in children. Since then, 
percutaneous radial artery cannulation has been 
used for open procedures except when the radial 
artery was not available. In palliative procedures 
on infants, or when the radial artery is not avail- 
able, IMA cannulation continues to be used. 
There have been 3 complications during this 
period. Early in our experience, the cannula was 
inadvertently withdrawn immediately post- 
operatively in a patient without a pull-out stitch. 
In a second patient an intercostal branch con- 
tinued to bleed after removal of the cannula, and 
reoperation was required to control the bleed- 
ing. In the third patient the pull-out ligature was 
tied without a gauze roll, causing a small area of 
skin necrosis. 


Comment 

IMA cannulation reliably reflects arterial pres- 
sure and may be used for the monitoring of 
blood gases during palliative procedures. In pa- 
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The thoracotomy incision is depicted, with 
cannulation of the internal mammary artery and 
placement of the pullout ligature. The pulsatile 
arterial tracing is shown. The left inset shows the 
polyethylene catheter being inserted with a 2-0 
stainless steel wire as an introducer. The right 
inset shows the closed incision with the pull-out 
ligature tied around a gauze roll. 


tients undergoing a Blalock-Taussig shunt and 
ligation of the IMA, retrograde cannulation may 
be used. Collaterals consisting of intercostal ar- 
teries and the epigastric artery provide suffi- 
cient blood flow [4] to give a good pulsatile trace 
and to allow withdrawal of blood samples. There 
has been good correlation between the arterial 
pressure measured this way and that obtained 
by Doppler ultrasound. 

IMA cannulation is remarkably free of compli- 
cations. The 3 complications that occurred in 
this series of more than 1,000 procedures were 
preventable by proper technique. The complica- 
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tions of radial artery cannulation have been well 
described. Radial and brachial artery cannula- 
tion can result in ischemia or even loss of the 
hand [2]. Good results have been reported with 
radial artery cannulation in the newborn [6]. 
Technically, however, IMA cannulation is easier 
to perform than a radial artery cutdown in neo- 
nates and spares the remaining artery after a 
Blalock-Taussig shunt. With retrograde IMA 
cannulation there is also less danger of emboli- 
zation by inadvertent flushing of air or thrombi 
intraarterially. Umbilical artery cannulation has 
potential lethal complications [3, 7], and tem- 
poral artery cannulation [5] may result in facial 
skin slough. 

Monitoring of arterial pressure and blood 
gases may be critical in the severely cyanotic 
infant. Despite what appears to be adequate 
ventilation, we have sometimes found a high 
Pco, and severe acidosis while the lung is re- 
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tracted. During pulmonary artery banding, the 
gradient across the band as well as an elevation 
of systemic arterial pressure of about 15 mm Hg 
have been used as indicators of adequate band- 
ing [8]. The arterial pressure trace facilitates this 
measurement. The ratio of systemic systolic 
pressure to pulmonary artery pressure may also 
be measured in this way to calculate the gradient 
achieved by the band as it is tightened. 

We have found IMA cannulation to be a safe 
and convenient method of intraarterial monitor- 
ing in the neonate undergoing thoracotomy. 
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An Overview of Carcinoma of the Esophagus 
Martin F. McKneally, M.D., Albany, NY 


Technical Aspects of the Surgical Treatment of Carcinoma of the Esophagus 
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Discussion 
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Diagnosis and Evaluation 
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Myocardial Protection during Cardiac Surgery: Current Status 
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Discussion 


Thoracic Surgery in the Presence of Lung Failure 
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Thoracic Trauma—What’s New? 
J. Kent Trinkle, M.D., San Antonio, TX 


Discussion 
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The Society of Thoracic Surgeons in conjunction with the Fourteenth Annual 
Meeting. 
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should write to the Secretary, Thomas D. Bartley, M.D., The Society of Thoracic 
Surgeons, 111 E Wacker Dr, Chicago, IL 60601. 


This program is authorized for eight hours’ credit toward the Physicians’ Recog- 
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Postoperative Hemodynamic Evaluation of Disc- and Ball-Valve Prostheses 
R. B. Pyle, M.D., J. E. Mayer, M.D., C. R. Jorgensen, M.D., and D. M. Nicoloff, M.D., New Haven, CT 


Is the Hancock Porcine Valve the Best Cardiac Valve Substitute Today? 
Julio C. Davila, M.D., Donald J. Magilligan, Jr., M.D., and Joseph W. Lewis, Jr., M.D., Detroit, MI 


Infradiaphragmatic Total Anomalous Pulmonary Venous Drainage 
R. J. Szarnicki, M.D., B. Fiser, M.D., M. de Leval, M.D., and J. Stark, M.D., London, England 


Early and Late Results with the Mustard Operation in Infancy 
Louis P. Egloff, M.D., Michael D. Freed, M.D., William I. Norwood, M.D., and Aldo R. Castaneda, 
M.D., Boston, MA 


Operative Treatment of Congenital Aortic Stenosis 
Neal W. Salomon, M.D., Edward B. Stinson, M.D., Jack G. Copeland, M.D., and Norman E. 
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Expanded Microporous Polytetrafluoroethylene for Enlargement of Right 


Ventricular Outflow Tract and Pulmonary Artery in Tetralogy of Fallot 
Ralph D. Siewers, M.D., Robert L. Hardesty, M.D., Charles D. Campbell, M.D., William Neches, 
M.D., and Henry T. Bahnson, M.D., Pittsburgh, PA 


Afternoon 
Scientific Session 


Surgical Treatment of Malignant Mesothelioma 
Giacomo A. DeLaria, M.D., Robert J. Jensik, M.D., L. Penfield Faber, M.D., and C. Frederick Kittle, 
M.D., Chicago, IL 


Tracheal Tumors: Surgical Management 
Hermes C. Grillo, M.D., Boston, MA 


Thoracic Empyema: A Twelve-Year Experience with 111 Patients 
Mark M. Sherman, M.D., Valavanur S. Subramanian, M.D., and Robert L. Berger, M.D., Boston, MA 


Alveolar Cell Carcinoma of the Lung: A Clinicopathological Study 
Daniel Dunn, M.D., Bruce Hertel, M.D., Wiliam Norwood, M.D., and Demetre M. Nicoloff, M.D., 
Minneapolis, MN 


Percutaneous Aspiration Needle Biopsy of the Lung 
Stuart §. Sagel, M.D., Charles L. Roper, M.D., Clarence $. Weldon, M.D., Richard E. Clark, M.D., and 
Thomas B. Ferguson, M.D., St. Louis, MO 


Evaluation of Methods for the Pretreatment Clinical Staging of Carcinoma of the 


Lung 
John A. Young, M.D., Nicholas P. Rossi, M.D., John E. Shevland, M.D., Lee C. Chiu, M.D., Richard 
E. Peterson, M.D., and Marion R. Johnson, M.D., Iowa City, IA 


Extending Resectability for Carcinoma of the Lung in Patients with Impaired 


Pulmonary Function 
Richard M. Peters, M.D., Jack L. Clausen, M.D., and Gennaro M. Tisi, M.D., San Diego, CA 
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Extended Indications for Median Sternotomy in Patients Requiring Pulmonary 
Resection 
J. D. Cooper, M.D., J. M. Nelems, M.D., and F. G. Pearson, M.D., Toronto, Ont, Canada 


Intraoperative Pacemaker Electrical Testing 
James W. Calvin, M.D., Ventura, CA 


Evening 
Surgical Motion Pictures 


Bypass of the Superior Vena Cava with Spiral Vein Graft 
Donald B. Doty, M.D., Iowa City, IA 


Surgical Correction of Pectus Excavatum 
Jean Deslauriers, M.D., Sainte-Foy, Que, Canada 


The Surgical Treatment of Postinfarction Ventricular Septal Defect 

Gerald M. Lawrie, M.D., Houston, TX 

Implantation, Cineangiography, ®™Tc Scintiscanning, and Removal of a Partial 
Artificial Heart in Man 

John C. Norman, M.D., Houston, TX 

Surgical Treatment of Coronary Insufficiency Produced by Cardiac 
Echinococcosis 


y 
Ramiro Rivera Lopez, M.D., Madrid, Spain 


Aortic Aneurysmectomy with Aortic Valve Replacement 
R. Leighton Fisk, M.D., Phoenix, AZ 
Thoracoabdominal Aortic Aneurysm Resection and Graft Replacement with 


Direct Visceral Artery Attachment 
E. Stanley Crawford, M.D., Houston, TX 
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Morning 


Scientific Session 


Long-Distance Transportation of Human Hearts for Transplantation 

Francis T. Thomas, M.D., Szabolcs S. Szentpetery, M.D., Robert E. Mammana, M.D., Timothy C. 
Wolfgang, M.D., and Richard R. Lower, M.D., Richmond, VA 

Effects of Pulsatile Assistance and Nonpulsatile Flow on Subendocardial 
Perfusion during Cardiopulmonary Bypass 

David L. Steed, M.D., David M. Follette, M.D., Robert P. Foglia, M.D., James V. Maloney, M.D., and 
Gerald D. Buckberg, M.D., Los Angeles, CA 

Adequate Anticoagulation during Cardiopulmonary Bypass Determined by 
Activated Clotting Time and the Appearance of Fibrin Monomer 

Donald B. Doty, M.D., John A. Young, M.D., and Thomas C. Kisker, M.D., Iowa City, IA 


Natural History of Arteriosclerotic Thoracic Aortic Aneurysms 
J. Judson McNamara, M.D., and Virginia Pressler, M.D., Honolulu, HI 


Postgastrectomy Gastroesophageal Reflux: Surgical Management 

R. D. Henderson, M.D., Toronto, Ont, Canada 

Monilial Esophagitis: An Increasingly Frequent Cause of Esophageal 
Stenosis? 

Mark B. Orringer, M.D., and Herbert Sloan, M.D., Ann Arbor, MI 


Presidential Address 
F. Henry Ellis, Jr., M.D. 
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Santander, Spain 
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Douglas M. Behrendt, M.D., Marvin M. Kirsh, M.D., Kenneth E. Jochim, Ph.D., and Herbert Sloan, 
M.D., Ann Arbor, MI 


Limits of Myocardial Protection with Potassium Cardioplegia 

William C. Scott, M.D., Richard J. Shemin, M.D., Vincent A. Gaudiani, M.D., and David M. Conkle, 
M.D., Bethesda, MD 

Reduction of Intraoperative Myocardial Infarction by Means of Exogenous 


Anaerobic Substrate Enhancement: A Prospective Randomized Study 
David M. Lolley, M.D., Jefferson F. Ray, HL, M.D., William O. Myers, M.D., and Richard D. Sautter, 
M.D., Marshfield, WI , 


Intraoperative Myocardial Protection by Cardioplegia under Hypothermia 
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President's Reception and Dinner 
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Late Results of a New Operation for Aortic Insufficiency due to Acute Aortic 


Dissection - 
J. Kenneth Koster, Jr., M.D., Lawrence H. Cohn, M.D., Roger B. B. Mee, M.D., and John J. Collins, Jr., 
M.D., Boston, MA 


Circular Endocardial Ventriculotomy: A New Surgical Treatment for 
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Gérard Guiraudon, M.D., Guy Fontaine, M.D., Robert Frank, M.D., Georges Escande, M.D., and 
Christian Cabrol, M.D., Paris, France 


An Appraisal of Blood Trauma and the Blood-Prosthesis Interface during Left 
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William F. Bernhard, M.D., C. Grant LaFarge, M.D., Robert Liss, M.D., Michael Szycher, M.D., and 
Victor Poirier, M.D., Boston, MA 


Left Main Coronary Artery Stenosis: Hemodynamic Monitoring to Reduce 
Mortality l 

Charles H. Moore, M.D., T. Randolph Lombardo, M.D., Falon T. Gordon, M.D., and James A. 
Allums, M.D., Beaumont, TX 
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Siegfried Hagl, M.D., Hans Meisner, M.D., Werner Heimisch, M.D., and Fritz Sebening, M.D., 
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Determinants of Long-Term Survival after Ventricular Aneurysmectomy 
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_ Taylor, M.D., and L. A. Golding, M.D., Cleveland, OH 


Late Sequetae of Perioperative Myocardial Infarction 
John E. Codd, M.D., Robert D. Wiens, M.D., George C. Kaiser, M.D., Hendrick B. Barner, M.D., 
Denis H. Tyras, M.D., J. Gerard Mudd, M.D., and Vallee L. Willman, M.D., St. Louis, MO 


Operative Risk in Patients with Previous Coronary Artery Bypass 
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‘Thousands of clinical procedures 
substantiate measurable advantage 





or the Travenol TMO Membrane Oxygenator 


nce the introduction of the TravenolTMO Membrane Oxyge- 
ator, surgedns have devoted significant effort to clinical 
raluations of this gas exchange device used during cardio- 
ilmonary bypass. Independent teams led by Berry and 
2Bakey reported that the TMO oxygenator produced less 
auma to the blood than bubble oxygenators!2 Solis 
edited it with better maintenance of platelet function? 
cording to the experience of Heimbecker et al, the unit 
intributed to lower levels of plasma hemoglobin during 
‘pass and higher platelet survival rates. He also reported 
ductions in postoperative bleeding (chest drainage) and 
e need for banked blood4 Of major significance is the 
idence submitted by Liddicoat et al verifying that the TMO 
ygenator provided superior performance during cardio- 
ilmonary bypass when compared to bubble oxygenators$5 
The Travenol TMO Membrane Oxygenator provides 
rences 
erry, W.B.. Davis, L., and Daniell, M.B. Clinical trial with a disposable membrane 
enator, From the Division of Cardiovascular and Thoracic Surgery, Memorial 
ital, Chattanooga, Tennessee. (Unpublished data—reprint of study available.) 
all, A.C., Jr., Solis, R.T., Kakvan, M orris, G.C., Jr., Noon, G.P., and DeBakey, M.E 
al experience with the Teflo’ disposable membrane oxygenator, Ann. Thorac 


« Vol. 21, No. 2, February 1976, 3. Solis, R.T., Kennedy, P.S., Beall, A.C., Jr, Noon 
r, and DeBakey, M.E Cardiopulmonary bypass—microembolization and platelet 





these advantagesat costs comparable to bubble oxygenators. 
In addition, gas transfer across the membrane eliminates 
oxygenator-created microbubbles. This method of gas ex- 
change within the TMO Membrane Oxygenator more closely 
resembles that of the normal human lung and will permit 
independent control of oxygen and carbon dioxide transfer. 
The oxygenator is designed to operate at blood flow rates 
up to 6 liters per minute and, under standard test conditions, 
will transfer 300 ml of oxygen per minute. 

Copies of the previously mentioned papers and those 
others listed pertaining to the TMO Membrane Oxygenator 
are available upon request from your Traveno!l Cardiopul- 
monary Systems Specialist. 


The Travenol TMO Membrane Oxygenator is the unit formerly referred to 
as the Travenol MODULUNG-TEFLO Membrane Oxygenator 


aggregation. Circulation, Vol. 52, July 1975. 4 Heimbecker, R.O., McKenzie, F.N 
Wall, W., Robert, A., Barnicoat, K.T., and Gergely, N. Bloodiess open heart surgery—the 


blood sparing effect of a membrane oxygenator and an atraumatic circuit. Abstract of 
paper submitted to the Society of Thoracic Surgeons, 1976. 5. Liddicoat, J.E., Bekassy, 
S.M., Beall, A.C., Jr., Glaeser, D.H., and DeBakey, M.E. Membrane vs bubble oxygenator 
clinical comparison. Ann. Surg., Vol. 181, No. 5, May 1975 

Additional references on page 4 


ARTIFICIAL ORGANS DIVISION 
TRAVENOL LABORATORIES. INC. 


the Travenol TMO 
Membrane Oxygenator... 
performance you can count on 


DEERFIELD, ILLINOIS. US.A. 60015 
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NDICATIONS 


The Travenol TMO Membrane Oxygenator is indicated 
or the oxygenation of blood andthe removal of carbon 
dioxide from it in an extracorporeal circuit during 

otal cardiopulmonary bypass at flow rates up to 6 
iters/minute at altitudes not in excess of 2400 feet 
{730 meters) 


DTONTRAINDICATIONS 

Selection of patients as candidates for oxygenation ts 
otally a medical responsibility and the outcome Is 
jJependent on many variables, including patient 
pathology and surgical and perfusion procedures 


WARNINGS 
Evaluation of this oxygenator at elevated altitudes 
nas shown inadequate outlet partial pressure for total 
bypass (apparently because of lower O? partial 
pressure differences across the membrane) Until 
appropriate modifications are made, use of this device 
at altitudes above 2400 feet (730 meters) is not 
recommended 

In patients who are actively bleeding, medical 
judgment must be exercised inthe use of the device 
Benefits of oxygenation must be weighed against 
risks of total body heparinization Oxygenrequirements 
and transfer rates are influenced by many variables 
during perfusion 
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Use of blood suction devices must be limited where 
possible 


PRECAUTIONS 
Adequate heparinization is essential. If the oxygenator 
is used in hyperbaric environments, both sides of the 
oxygenator must be referenced to the same pressure 
The gas outlet port should remain open and free of 
any obstructions 

Before using, refer to complete directions 
accompanying the product 
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CLASSIFIED ADS 


Advertisements for positions wanted and positions avail- 
able should be no more than 50 words in length and must 
relate only to situations in the thoracic and cardiovascular 
surgical specialties. All ads are subject to the approval of the 
Editorial Board, and material deemed inappropriate for pub- 
lication in The Annals will be rejected. Ads are published 
monthly and run for three-month sequences. There is no 
charge to the advertiser. 

Please submit full information with each ad, including 
name, address, and telephone number of contact person. If 
anonymity is desired, please indicate this at the time of 
submission and a code number will be assigned to your ad. 
All responses received will remain confidential in The Annals 
Editorial Office and will be conveyed to the advertiser 
shortly after receipt. 

Ads must be submitted no later than eight weeks prior to 
the publication month of the designated issue. Send to: 


Herbert Sloan, M.D. 

Editor, The Annals of Thoracic Surgery 
C-7173 University Hospital 

Ann Arbor, MI 48109 


SITUATIONS WANTED 





Cardiovascular and thoracic surgeon, 39, ABS and ABTS 
certification, seeks position. Well-trained in all aspects of 
surgery, research, and publication. Presently medical school 
faculty. Available any time either for private or academic 
practice. 


Please respond to W-56, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 32, ABS and ABTS 
certification, completing additional fellowship in car- 
diovascular surgery, FLEX, seeks association in group or 
partnership. 


Please respond to W-57, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





University trained, Board certified thoracic surgeon, 34, de- 
sires position in cardiovascular surgery. One year’s experi- 
ence in private practice. Available anytime. 


Please respond to W-58, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 32, university-trained 
in general and cardiovascular-thoracic surgery, seeks chal- 
lenging position in cardiothoracic surgery. No geographic 
preference. Available in September 1977. 


Please respond to W-59, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 








Thoracic and cardiovascular surgeon, 34, recently certiffed 
by ABTS, wishes to relocate in mid-Atlantic or Southeastern 
US, solo, group, or hospital practice. Extensive vascular ex- 
perience; military obligation completed. 


Please respond to W-62, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 41, Board certified, university 
trained, seeks association in group practice or partnership; 
upper Midwest preferred. Broad experience in open-heart 
and thoracic surgery in private and academic settings. Re- 
search and teaching experience is preferred. Currently head 
of cardiothoracic division in major medical center. 


Please respond to W-63, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon with wide clinical and research ex- 
perience, trained at renowned Midwestern clinic, seeks chal- 
lenging position. Presently on staff of busy British cardiac 
unit. 


Please respond to W-64, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 31, ABS certified, ABTS eligible, 
seeks position with cardiothoracic group or academic ap- 
pointment. Extensive experience in all aspects of adult and 
pediatric cardiac surgery as well as thoracic surgery; excel- 
lent credentials and references. Presently completing addi- 
tional experience at well-known Midwestern center. Locale 
flexible; available July 1978. 


Please respond to W-65, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


pect let tain Reece, Rees ea eas See Ro aS eS 
Cardiothoracic surgeon, 33, Board-certified, ABS, ABTS, 
with cardiac research experience, desires either academic 
position or productive private practice with investigative 
opportunities. Currently completing military obligation. 


Please respond to W-66, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 30, completing resi- 
dency in June, 1978, at large university center desires posi- 
tion in thoracic and cardiovascular surgery. Trained in pul- 
monary, vascular, adult, and pediatric cardiac surgery. Will 
consider all geographical locations. FLEX. ABS certified. 


Please respond to W-67, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 35, ABS and ABTS 
certified, holding academic position in university hospital 
and medical school, wishes to relocate in Southeast. Prefer 
active adult open-heart surgery service. 


Please respond to W-68, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, university-trained, 
seeking position in group or association leading to partner- 
ship. Available immediately. 


Please respond to W-60, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 35, certified ABS, can- 
didate ABTS, seeking affiliation leading to partnership with 
a cardiothoracic group. Trained in medical college hospital, 
extensive experience in peripheral vascular surgery. Locale 
and availability flexible. 


Please respond to W-61, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 
a ee 


A-34, 


University-trained thoracic and cardiovascular surgeon, 34, 
with balanced experience in cardiac (adult and congenital), 
general thoracic, and peripheral vascular surgery, complet- 
ing residency in June, 1977, desires position, preferably in 
Texas or other southwestern state. Military obligation com- 
pleted. 


Please respond to Thomas R. Calhoun, M.D., 308 Eastbrook 
Dr, Charlottesville, VA 22901. 





Established, university-trained thoracic and cardiovascular 
surgeon with full credentials wishes to relocate. 


Please respond to W-70, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





e 
Thoracic and cardiovascular surgeon completing residency 
June, 1978, University of Utah LDS Hospital, wishes to join 
associate, group, or solo practice. Available July 1978. 


Please reply to Saeed Esmaili, M.D., 914 Medical Plaza, Salt 
Lake City, UT 84112. 





Cardiovascular and thoracic surgeon, 34, ABS certified, has 
completed 2-year residency and 1-year fellowship, and seeks 
position. Available immediately. All offers and locations 
considered. 


Please respond to W-72, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 44, ABS and ABTS 
certified, seeks position. Extensive extracardiac thoracic, 
peripheral vascular, and pacemaker experience. Presently 
chief of thoracic surgery at large military medical center. 
Available Aug 1978. 


Please respond to W-73, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 36, married, 
university-trained, ABS and ABTS certified, seeks associa- 
tion or group or academic appointment. Will consider new 
programs. No geographic preference. 


Please respond to W-74, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 38, FLEX, ABS, candidate ABTS, 
solid background in all phases of field, seeks busy practice. 
Prefer Midwest-Northwest; available now. 


Please respond to W-75, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





SITUATIONS AVAILABLE 


Thoracic and cardiovascular surgeon wanted to affiliate with 
large midwestern multispecialty group. Full spectrum of 
cardiac, thoracic, and vascular surgery being done. Must 
have completed training requirements for ABTS certifica- 
tion. 





Please send curriculum vitae to A-37, The Annals of Thoracic 
Surgery, C-7173 University Hospital, Ann Arbor, 
MI 48109. 





Opening available in pediatric cardiovascular surgery and 
research in new children’s hospital. Prefer ABTS certification 
but will consider eligible applicants. University appoint- 
ment available and required. 


Please respond to A-38, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Board certified or Board eligible thoracic surgeon wanted to 
join two-man group in west coast state. Practice primarily 
adult cardiac, one-quarter vascular and thoracic. 


Please respond to A-39, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Faculty position available in Northeastern medical college, 
assistant professor level. Must be eligible for state licensure 
and Board certification in surgery and be able to develop 
clinical and investigative programs as well as participate in 
undergraduate and graduate teaching. Salary competitive. 
An Equal Opportunity/Affirmative Action Employer. 


Please respond to A-40, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 








Cardiothoracic surgeon with strong interests in research and 
teaching wanted by medical school affiliated hospital, full- 
time. Active open-heart and research program; faculty ap- 
pointment at assistant professor level, depending on experi- 
ence. 


Send curriculum vitae to Andrew A. Gage, M.D., COS, Vete- 
rans Administration Hospital, 3495 Bailey Ave, Buffalo, 
NY 14215. 





Board-eligible thoracic and cardiovascular surgeon wanted 
immediately to join busy private practice in suburban New 
York area. 


Please respond to A-42, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon in Southern California 
needs associate to handle increasing case load. Active car- 
diac surgical practice. Must be Board-certified or -eligible. 


Please respond to A-43, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Fellowship in pediatric cardiovascular and thoracic surgery. 
One-year program beginning July 1, 1978, includes 
emergency newborn surgery as well as elective closed and 
open cardiac surgical procedures. 


Please respond to A-44, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon wanted in surgery de- 
partment of hospital closely affiliated with the University of 


Buffalo. Extremely active open-heart program. 


Qualified, academically oriented, fully trained surgeons may 
send curriculum vitae to Andrew A. Gage, M.D., Chief of 
Staff, Veterans Administration Hospital, 3495 Bailey Ave, 
Buffalo, NY. An equal opportunity/affirmative action em- 
ployer. 
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Now Available 
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Manual of 





Medical Therapeutics 


22nd Edition 


By the Department of Medicine, Washington University 


School of Medicine, St. Louis 
Editors 


Nicholas V. Costrini, M.D., Ph.D. 


For years, doctors have been stuffing their white- 
coat pockets and black bags with each new edition 
of MANUAL OF MEDICAL THERAPEUTICS. Once 
again, it’s time to empty those pockets and bags— 
and refill them with the new and completely up-to- 
date 22nd edition—just off press. 


Now in its 22nd edition, this legendary manual 
needs no introduction. Comments like these about 
previous editions speak for themselves: 


“This manual of therapeutics is everything that it should 
be. .. . Small enough to jam into a white coat pocket, it is a 
paperback with the detailed information 
of a heavyweight textbook, yet at a 
fraction of the cost. The text covers the 
whole field of medicine and medical 
emergencies, and is presented with the 
absolute minimum of verbal 

padding.” —Canadian Family A 
Physician + Eater 






ORDER NOW 


Little, Brown and Company 
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34 Beacon Street 
Boston, Massachusetts 02106 


Please send me copies of the 
Washington University MANUAL OF 
MEDICAL THERAPEUTICS, 22nd Edition, 
#923966 @ $9.95 
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“The book is inexpensive, current, and is really a must on 
the shelf of every physician.” —Annals of Otology, 
Rhinology and Laryngology 


“the friend of students and house officers. 
Generations of ripped seams from over-burdened pockets 
of white uniforms attest to its popularity. It remains a 
worthwhile bargain.” —Archives of Internal Medicine 


The Washington University MANUAL OF MEDICAL 
THERAPEUTICS is, simply, the most widely used 
and respected reference in medical literature. 

Its easy-to-find information will see 

you through any problem of 
medical care—day or night. 
Comprehensive, succinct, and 
reliable, this new edition is 
unquestionably the most useful 
handbook you can own. Purchase 
your copy today at your local 
bookstore—or use the convenient 
order coupon below. 


440 pages. Spiralbound, #923966, 
$9.95 
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In Canada, order from J. B. Lippincott of Canada, Ltd., 75 Horner 
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School, Boston .. . detail the composition of current available solu- 
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ity, the complications of total-parenteral-nutrition ther- 
apy, the nursing care, with detailed instructions on 
inserting and maintaining indwelling subclavian venous 
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able single reference source for physicians, nurses, and 
pharmacists. . . . The wealth of detail in these chapters 
may encourage wider adoption of this important moda- 
lity of treatment. . . . [In the second part of the book] 
specific clinical applications to patients with renal and 
hepatic failure, inflammatory bowel disease, intestinal 
fistulas and burns are covered very completely. There 
are also excellent chapters on the special problems that 
the pediatric patient and the ambulatory patient pre- 
sent. The last chapters, concerned with the newer tech- 
nics, include the use of intravenous fat emulsions. . . . 
This is an excellent compendium of the state of the art 
in total parenteral nutrition, with a brief glimpse into the 
future. House officers and practicing physicians will 
find that this book serves as a textbook, handbook of 
nutrition and good bibliographic reference all rolled into 
one rather palpable, intellectual treat." —The New Eng- 
land Journal of Medicine 


480 pages, illustrated. #283703, $25.00 


order today a E 


Please send me copies of Fischer’s TOTAL PARENTERAL NUTRITION 
(#283703-90B1) @ $25.00. 











TO: C Bill me. 
LITTLE, BROWN AND COMPANY Ei Checkenciosed: 
MEDICAL DIVISION i , NAME (Please print.) 
200 WEST STREET m To ; proT pay gehen! 
andling charge if check accompanies 
WALTHAM, MA 02154 order. In Canada, order directly from STREET 


J. B. Lippincott of Canada, Ltd.. 
75 Horner Avenue. Toronto, Ontario. 
M8Z 4X7 Canada. CITY STATE/ZIP 








VASCULAR TOURNIQUET KIT 


The new Argyle Vascular Tourniquet Kit 
is simple, safe and complete. It elimi- 
nates the clutter of clamps during can- 
nulation of blood vessels. Tension can be 
quickly applied or released.When the re- 
taining plug is set, there’s no danger of 
slippage. The croppable sheath can be 
readily cut to minimum length required, 
further reducing operative field clutter. 
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Each sterile Kit contains 2 each of a 
S-inch plastic sheath with a slotted-top 
retainer plug, tourniquet tape, and a 
plastic obturator for drawing the tape or 
suture material through the sheath. 


For more information about this new, 
secure and simple-to-use Vascular 
Tourniquet Kit, contact your Argyle rep- 
resentative or write directly to Dept. A.K. 
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for valvular replacement. 


The Björk-Shiley cardiac valve prosthesis, now in 
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performance. For an update on the experience 

with over 125,000 mitral and aortic valves, 

please contact your Shiley technical f 
representative or call: 


ie a Shiley Laboratories, Inc. 
j (S 17600 Gillette Avenue 
p l Irvine, California 92714 





"For excellence in 
cardiopulmonary perfusion. 


Shiley oxygenators are designed to accomplish physi- 
ologic gas transfer while maintaining an absolute 
minimum of blood and gas contact. Gas to blood flow 
ratios as low as 0.3:1 and consistently lower than 1:1 are 
obtained by employing a Tegraglas* Sparger and an open 
cell sponge in the gas transfer column, creating a range 
of bubble sizes for highly efficient gas transfer (A). 


The Shiley venous side heat exchanger minimizes 
release of gas emboli into the blood during rewarming 
procedures by accomplishing heat transfer prior to com- 
plete oxygen saturation. Shiley’s heat exchanger is the 
only integral unit available which employs a one piece 
aluminum coil with no water to blood seals. The coil is 
pressure tested to 120 PSI—a maximum water inlet 
pressure of 60 PSI is recommended (B). Other features 
of the Shiley S-100 design are the low priming volumes 
required, easy set up, and compact size. 
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“A maximal inspiratory effort is the most 
efficacious maneuver available for 
preventing and reversing alveolar collapse” * 
With new TRIFLO II Incentive Deep-Breathing Exerciser, patient 
progress is indicated in progressive increments of 300 cc/sect 
because chamber indicators are color-graduated at approximate 
volumes of 600 cc/sect (light blue), 900 cc/sect (medium 
blue) and 1200 cc/sect (dark blue). 
Its pre- and postoperative use provides physiologically correct 
exercise that encourages deep, prolonged, voluntary inspiration 


Indicates patien 
progress and 
helps prevent 
postoperative 
atelectasis 
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in progressive 
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...promotes maximal alveolar inflation...helps restore and mair 
tain lung capacity...helps strengthen respiratory musculature. 


And itis still economically designed for single-patient use. Simp 
compact, easy to assemble, easy to use...requires minimum 
instruction, minimum supervision. ..ideal in the hospital or 

at home. 

*Demers RR, Saklad M: Respiratory Care 21:234, 1976 
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nulation of blood vessels. Tension can be 
quickly applied or released.When the re- 
taining plug is set, there’s no danger of 
slippage. The croppable sheath can be 
readily cut to minimum length required, 
further reducing operative field clutter. 
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Datascope System 42. 
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specifically designed for 
pulsatile assist. 
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Not very long ago, we introduced the world’s first clinical 
device to produce pulsation and counterpulsation from the 
output of the roller pump without the need of an intra-aortic 
balloon or any additional surgery.’ We called the device the 
Datascope PAD.© 





Since the PAD* was introduced, its clinical use has grown 
rapidly. So much so that we have now created a system 
specifically designed to power it: the Datascope System 42. 

The System 42 is compact, measuring only 17x 16x30 
inches. It fits right next to your heart-lung machine. And it is 
intended for operation by the perfusionist. You don’t need an 
additional person in the Operating Room to run it. 

' The System 42 is simple to operate. And we’re happy to 
say it is substantially less expensive to purchase than a 
balloon pump. 

Up until now, you needed a Datascope balloon pump to 
take advantage of the Datascope PAD. With System 42, you 
can get all the clinical benefits of PAD™* without a balloon 
pump. Or if you already own a Datascope balloon pump, 
you'll find that System 42 allows you to do pulsatile assist more 
economically and efficiently. 

For more information or a demonstration of the new 
Datascope System 42, write or call: Datascope Corp., Box 5G, 
Paramus, N.J. 07652, Tel. (201) 265- 8800. Datascope B. V., 
Kyftenbeltlaan 6, N 
Hoevelaken, Holland, X i 
Tel. 03495-4514. 


Datascope 
System 42. 
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steel tip that allows high flow rates with a reduced size of incision. Because of 
the thin-wall tip, a larger lumen with smaller outside diameter is possible. 


A small retention collar provides more operating space on the aorta for the 
surgeon. When installed, the cannula length is about 7” (17.7 cm) from aorta to 
the perfusion tube. An integral connector with a removable vented end cap 
facilitates insertion. 


In addition to the High Flow, our original aortic arch cannula design with 
plastic tip is available in sizes of 6.5 mm, 8.0 mm and 9.5 mm. 


Write or call for our brochure which includes flow and pressure data for the 
High Flow Aortic Arch Cannulae. Always refer to the product insert sheet for 
information including warnings and precautions. 
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EDITORIAL 


Pulmonary Valvular Dysplasia 


L. Henry Edmunds, Jr., M.D. 


Pulmonary valvular dysplasia is an anatomical 
variant of valvular pulmonary stenosis that is 
commonly, but not exclusively, associated with 
some of the manifestations of Noonan’s syn- 
drome. This eponym describes children with 
apparently normal chromosomes who have a 
triangular head, small lower jaw, low-set ears, 
widely spaced eyes with ptosis of the eyelids, 
short neck, mental and growth retardation, un- 
descended testes, chest wall and skeletal defor- 
mities, and an increased incidence of typical or 
dysplastic pulmonary or valvular stenosis 
among relatives. As shown by Dr. Watkins and 
his colleagues (p 498, this issue), dysplastic 
pulmonary valves have unfused commissures 
and three thickened, poorly mobile leaflets 
which crowd the orifice to the pulmonary artery. 
Usually the pulmonary valve annulus is normal 
or near normal in diameter; in some patients it is 
narrow. Peripheral pulmonary stenosis, pri- 
mary or secondary infundibular obstruction, 
and atrial and ventricular septal defects are occa- 
sional associated cardiovascular lesions in pa- 
tients with pulmonary valvular dysplasia. 

Somatic anomalies, when present, and certain 
clinical features, particularly the absence of an 
ejection click, introduce the diagnostic possibil- 
ity of pulmonary valvular dysplasia. The diag- 
nosis is made by echocardiographic and angio- 
graphic findings and is confirmed by inspecting 
the valve from above during cardiopulmonary 
bypass. 

The Hopkins group points out the futility and 
high mortality of incising unfused commis- 
sures, as well as the inadequacy of partial 
valvectomy. The primary operative objective is 
to relieve obstruction between the right ventri- 
cle and pulmonary artery. As the authors advo- 
cate, this goal may be achieved by total pulmo- 
nary valvectomy if the pulmonary valve annulus 
is normal or large. Unfortunately, intraoperative 
and postoperative measurements of right ven- 
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tricular and pulmonary artery pressures were 
not made in their series. Thus the question 
arises whether total valvectomy completely re- 
lieved the obstruction in all patients, particu- 
larly when 3 had low cardiac output postopera- 
tively and 1 died. 

The alternative is to incise the pulmonary an- 
nulus and adjacent right ventricular infun- 
dibulum and to insert an outflow patch. If the 
thickened, deformed leaflets are partially 
mobile, they may be left; more often they are 
excised to reduce turbulence. The pulmonary 
insufficiency that results from total valvectomy, 
with or without the addition of an outflow tract 
patch, will be well tolerated if the tricuspid valve 
is competent. Early and late follow-up studies 
on patients who have had outflow tract patches 
inserted during correction of tetralogy of Fallot 
verify this conclusion. Residual stenosis is not as 
well tolerated as is pulmonary insufficiency. 

Doctor Watkins and his colleagues have re- 
ported the largest clinical series of pulmonary 
valvular dysplasia to date, and they have 
achieved the lowest reported operative mortal- 
ity. If total valvectomy completely relieves 
obstruction, it is the quickest and simplest oper- 
ation for this anomaly. One can only suggest that 
right ventricular and pulmonary arterial pres- 
sure measurements be obtained intraoperatively 
after total valvectomy. If the pressure difference 
across the valve annulus is great enough, ie, 20 
mm Hg or more, incision and patching of the 
outflow tract are recommended so as to com- 
pletely relieve the annular obstruction. As- 
sociated or secondary infundibular muscle 
obstruction also should be relieved by excision 
or patching so that the total pressure difference 
between right ventricle and pulmonary artery 
does not exceed 40 to 50 mm Hg. 


Reference 
1. Hawe A, Rastelli GC, Ritter DG, et al: Management 
of the right ventricular outflow tract in severe te- 
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ABSTRACT Pulmonary valvular stenosis secondary 
to congenital valve dysplasia differs markedly from 
the classic variety of pulmonary stenosis. The re- 
ported mortality of patients treated by standard 
commissurotomy is 38 to 66%. The clinical features 
and operative management of 14 patients with 
dysplastic pulmonary valves are reviewed. 

Three groups of patients were studied. Group 1 
consisted of 5 patients treated by commissurotomy. 
Group 2 comprised 3 patients treated by partial exci- 
sion of the valve. In neither group were there opera- 
tive deaths, but 5 of the 8 patients developed recur- 
rent stenosis; 3 required reoperation. In 1975, because 
of the high incidence of recurrent stenosis, total 
valvectomy was begun. Ten patients (Group 3) have 
undergone valvectomy with 1 death. Nine patients 
were doing well at 3 to 15 months of follow-up. 

Based on the reported mortality and present 
findings, total excision of the valve is recommended 
for relief of stenosis in pulmonary valve dysplasia. 


In 1969, Kosetzky and associates [4] described 
the clinical and pathological features of an atypi- 
cal form of congenital pulmonary valvular 
stenosis and designated the entity “pulmonary 
valvular dysplasia.” The distinguishing feature 
in these patients was the presence of a markedly 
thickened and severely deformed pulmonary 
valve. In many, abnormal facies and anomalies 
in somatic development were also noted. Since 
this description, little has been written about the 
surgical management of the dysplastic pulmo- 
nary valve. With increasing recognition of val- 
vular dysplasia, surgical treatment will assume 
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an important role in the care of these patients 
and requires careful evaluation. 

When standard commissurotomy is per- 
formed on the dysplastic pulmonary valve, the 
reported operative mortality has varied from 38 
to 66% [5, 9]. These data strongly emphasize the 
need for increased preoperative recognition and 
a surgical approach that takes into account the 
underlying disorder. In this paper we review 
our experience and report the clinical and 
hemodynamic features as well as surgical man- 
agement of pulmonary stenosis secondary to 
valvular dysplasia. 


Materials and Methods 

From June, 1970, through April, 1976, 14 pa- 
tients underwent 17 operative procedures for 
relief of pulmonary valve stenosis due to 
dysplasia of the pulmonary valve. The average 
age of the 7 boys and 7 girls was 5 years (range, 
10 weeks to 13 years). Clinical findings, cardiac 
catheterization data, and angiograms were 
studied, and the subsequent operative proce- 
dures, findings at operation, and postoperative 
courses were reviewed. The follow-up period 
ranged from 2 to 60 months (mean, 19 months). 


Clinical Features 

The most common complaints on admission 
were failure to thrive, poor feeding, and easy 
fatigability. Eight of the 14 patients exhibited the 
phenotypical features of Noonan’s syndrome 
[8]. Chromosomal studies indicated normal 
46XX and XY karyotypes in these individuals. 
Normal facies were present in the remaining 6 
patients, but 2 demonstrated dysmorphic fea- 
tures in somatic development. A loud pulmo- 
nary systolic ejection murmur was present in 
each patient. In 10 patients the murmur was 
detected either at birth or within the first 6 
months of life. In only 1 instance was an ejection 
click heard. 
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M 12 patients the electrocardiogram showed 
right ventricular hypertrophy and right axis de- 
viation; of the remaining 2 patients, 1 had biven- 
tricular hypertrophy with a normal axis and 1 
had left axis deviation. Of those patients who 
had right axis deviation, the mean ORS axis 
ranged from +120 to +270 degrees. 

Chest roentgenograms revealed the cardiac 
size to be mildly to moderately enlarged in 12 


patients. The pulmonary vasculature was nor- 
mal in most instances. The clinical findings are 
summarized in Table 1. 


Hemodynamic Data 

Right ventricular systolic pressure ranged from 
50 to 200 mm Hg (mean, 100 mm Hg). The right 
ventricular-pulmonary artery systolic gradient 
ranged from 43 to 170 mm Hg (mean, 80 mm Hg). 


Table 1. Clinical Data in 14 Patients with Pulmonary Valvular Dysplasia 
ee 


Patient No., 
Age (yr), 
and Sex Diagnosis Physical Examination 
1. 4, F PVS; VSD, Abnormal facies, no click, 
Noonan precordial thrill, systolic 
ejection murmur 
2. 5, M PVS, ASD, Abnormal facies, systolic 
Noonan ejection murmur, no thrill, 
questionable click 
3. 1.5,M PVS Precordial thrill, pulmonic 
ejection murmur, no click 
4. 5,F PVS, Abnormal facies, precordial 
Noonan thrill, pulmonic ejection 
murmur, no click 
5. 1,M PVS, ASD, Abnormal facies, systolic 
Noonan ejection murmur, no click 
6. 3,.F Acyanotic RV heave, systolic ejection 
tetralogy murmur, no click 
7. 3,M PVS, Abnormal facies, precordial 
Noonan thrill, pulmonic ejection 
murmur, no click 
8. 10 wk,F PVS, Abnormal facies, pulmonic 
Noonan ejection murmur, no click 
9.. 13; F PYS Pulmonic ejection murmur, 
no click 
10. 2, F PVS RV heave, precordial thrill, 
pulmonic ejection murmur 
11. 13,M PYS; Abnormal facies, precordial 
ostium thrill, systolic murmur, no 
primum, click 
Noonan 
12. 6, F PVS, ASD, Abnormal facies, precordial 
Noonan thrill, pulmonic ejection 
murmur, no click 
13. 6mo,M PVS, ASD Precordial thrill, RV heave, 
loud pulmonic ejection 
murmur 
14. 8, M PVS Pulmonic ejection murmur, 


no click, RV heave 


Chest Roentgenogram 


Cardiomegaly, normal 
pulmonary vasculature 


Cardiomegaly, normal 
pulmonary vasculature 


Cardiomegaly 


Cardiomegaly, normal 
pulmonary vasculature 


Borderline cardiomegaly, 
normal vasculature 

Cardiomegaly, decreased 
pulmonary vasculature 

Cardiomegaly, normal 
pulmonary vasculature 


Borderline cardiomegaly 
Borderline cardiomegaly 


Cardiomegaly increased 
pulmonary vasculature 
Normal 


Cardiomegaly, 
normal pulmonary 
vasculature 

Borderline cardiomegaly, 
normal pulmonary 
vasculature 

Cardiomegaly, normal 
pulmonary vasculature 


ECG Findings 


RVH, RAD 130° 


RVH, RAD 120° 


Biventricular 
hypertrophy, 
normal axis 

RVH, RAD 270° 

RVH, RAD 120° 

RVH, RAD 120° 


RVH, RAD 210° 


RVH, RAD 138° 


RVH, axis 90° 


RVH, RAD 130° 


LAD 60° 


RVH, RAD 140° 


RVH, RAD 120° 


RVH, RAD 135° 


———Ř— 


PVS = pulmonary valve stenosis; VSD = ventricular septal defect; RVH = right ventricular hypertrophy; RAD = right axis 
deviation; ASD = atrioseptal defect; RV = right ventricle; LAD = left axis deviation. 
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In 12 patients the stenosis was present at the 
level of the valve; however, 2 patients demon- 
strated both valvular and infundibular steno- 
sis. 

In 5 patients a right-to-left shunt was present 
(at the atrial level in 4 and at the ventricular level 
in 1). Table 2 summarizes the hemodynamic 
data. 

Angiographically, the dysplastic pulmonary 
valve appeared as a thickened mass of tissue in 
the normal position of the pulmonary valve. The 
thickening of the valve was secondary to redun- 
dant valve tissue. There was little to no valve 
motion between systole and diastole. Systolic 
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doming, seen in classic pulmonary stenosis, 
usually was not observed. These features proba- 
bly account for the fact that generally no click 
was heard at the time of auscultation. Postste- 
notic dilatation of the main pulmonary artery was 
not seen. The most consistent features were re- 
dundant valve tissue and thickening of the valve. 
Figure 1 contrasts the angiographic findings in 
classic pulmonary stenosis and pulmonary val- 
vular dysplasia. 

The angiographic appearance of the dysplastic 
valve before and after standard open commis- 
surotomy is shown in Figure 2. Thickened and 
obstructing valve tissue remains postopera- 


Table 2, Hemodynamic Data in 14 Patients with Pulmonary Valvular Dysplasia 


NN 


Pressures (mm Hg) 





Patient 

No. RV PA LV FA 
1 100/4 27/8 105/0-2 102 
2° 50/2 15/8 82/0-5 90/50 
3 105/5 22/7 110/6 125/45 
4 105/9 32/4 NE 115/55 
5a 95/8 38/4 90/9 NE 
6 80/6 45/20 90/6 90/60 
7 95/8 30/6 83/4 80/50 
8 75/7 NE 85/10 NE 
9 70/5 27/5 NE 

10° 200/8 30/4 110/8 105/60 

11? 128/4 13/4 128/12 135/79 

122 187/8 277 NE NE 

13 100/3 20/8 75/5 NE 

14 106/6 12/5 NE 90/45 


RV-PA 
Gradient 
(mm Hg) Angiographic Findings 
73 Thickened, dysplastic valve; no 
doming or PA dilatation; normal 
annulus 
35 Te 
103 Severely stenotic and thickened valve; 
minimal doming; RVH; normal 
annulus 
73 Severe PVS; marked thickening and 
dysplasia; no doming; hypoplasia of 
main PA; small annulus 
67 Markedly thickened valve; small VSD; 
normal annulus 
45 Thickened, dysplastic valve; 


hypertrophied moderator band; 
VSD; normal annulus 
65 Thickened, dysplastic valve; no 
doming; normal annulus 
Thickened, dysplastic valve; 
trabeculated RV; small annulus 
43 Thickened, dysplastic valve; no 
doming; small annulus; normal PA 


Unknown 


170 Stenotic and severely deformed valve; 
small annulus; normal PA 
115 Stenotic, dysplastic valve 
60 Thickened valve with moderate 
poststenotic dilatation 
80 Severely stenotic and thickened valve; 
marked RVH; normal annulus 
100 Moderately thickened valve; slight 


doming; normal annulus 


a .w_jjuRV em 


Right-to-left shunt by indicator-dilution curve and oximetry. 


RV = right ventricle; PA = pulmonary artery; LV = left ventricle; FA = femoral artery; RVH = right ventricular hypertrophy; 
NE = not entered; PVS = pulmonary valve stenosis; VSD = ventricular septal defect. 
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Fig 1. (A) Classic valvular pulmonary stenosis. annulus is normal in size. Beyond the valve there is 
The lateral projection from a biplane right poststenotic dilatation of the pulmonary artery. 
ventriculogram shows the infundibulum to be (B) Dysplastic pulmonary valve, seen on lateral 
widely patent. There is mild thickening of the projection from a biplane ventriculogram. The valve 
pulmonary valve with doming and a “jet” of is severely thickened and does not dome. There is no 


contrast medium through the valve. The valve  poststenotic dilatation beyond the valve. 





Fig 2. Dysplastic pulmonary valve after standard annulus is normal. No valve motion could be 
commissurotomy; lateral projections from detected. There is slight narrowing of the pulmonary 
preoperative (A) and postoperative (B) artery above the valve. The postoperative study 


ventriculograms. Considerable redundancy of valve shows that a thickened valve remains, with 
tissue is seen in the preoperative study. The valve essentially no change in angiographic appearance. 
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tively and can be easily demonstrated on the 
lateral view of the ventriculogram. 


Operative Management and Surgical Findings 


All patients were operated upon with the use of 
conventional extracorporeal circulatory support. 
The 14 patients were divided into 3 groups. 
Group 1 consisted of 4 patients and represents 
our early surgical management from 1970 to 
1972. Standard open valvectomy was performed 
in all patients; in 1, the annulus was patched 
with pericardium. Group 2 comprised 3 patients 
and represents an interim period from 1972 to 
1975. Partial excision of the pulmonary valve 
(partial valvectomy) was performed, removing 
one or two of the most severely deformed 
cusps. Group 3, comprising 10 patients, 3 of 
whom had had earlier procedures, represents 
the period from 1975 to the present. Total exci- 
sion of the valve (total valvectomy) was per- 
formed in this group (Fig 3A). Associated anom- 
alies were repaired at the same time. 

At operation 10 patients showed marked right 
ventricular hypertrophy. The main pulmonary 
artery and annuli were normal in 10 patients and 
hypoplastic in 4. 

The valve leaflets were markedly thickened 
and deformed. They were often described as 
being bluish white, glistening, and edematous. 
The valve was tricuspid in 11 patients, 2 ap- 
peared bicuspid. In 1 instance, the number of 
cusps could not be ascertained because of 
marked deformity and dysplasia. In most in- 
stances the commissures were not fused. Figure 
3 contrasts the operative appearance of the valve 
leaflets in pulmonary valvular dysplasia and 
classic pulmonary stenosis. 

Histological examination revealed that the 
thickened valve leaflets were composed of loose 
connective tissue, which consisted of a thin 
network of stellate cells lying in a basophilic 
matrix. Collagen fibers were randomly dis- 
persed throughout this matrix, without appar- 
ent organization. Figure 4 illustrates the typical 
microscopical findings in the dysplastic pulmo- 
nary valve. 


Results 
Group 1 patients (Nos. 1-4) underwent isolated 
pulmonary valvotomy; in Patient 4, in addition, 


the annulus was patched with pericardium. 
There was no operative mortality in this group. 
Patients 3 and 4 developed recurrent stenosis 
within 6 months. Patient 3 required reoperation 
and underwent total valvectomy. Patient 4 is 
currently being followed with a residual right 
ventricular—-pulmonary artery gradient of 30 to 
40 mm Hg. 

Group 2 consisted of Patients 5, 6, and 7, all of 
whom underwent partial valvectomy. There was 
no operative mortality, but within 6 months to a 
year all patients demonstrated signs of residual 
or recurrent pulmonary stenosis. Patients 6 and 
7 required reoperation, and total valvectomy 
was completed. Patient 5 is currently being fol- 
lowed. 

Group 3 consisted of Patients 8 through 14 as 
well as Patients 3, 6, and 7 from Groups 1 and 2. 
All underwent total valvectomy. There was 1 
death. The average follow-up for this group is 8 
months (range, 2 to 18 months). All patients are 
now doing well; however, 1 patient, in whom 
the pulmonary annulus was believed to be small 
at operation, has evidence of mild stenosis. 

In this series, 5 patients developed a total of 7 
complications. Low cardiac output in the im- 
mediate postoperative period was present in 3 
patients, who required intensive pressor and 
fluid therapy, usually with a good response. 
Later in the postoperative period, 4 patients de- 
veloped respiratory insufficiency severe enough 
to require tracheostomy. Subglottic edema and 
upper airway obstruction usually accounted for 
respiratory insufficiency. All 4 patients had 
Noonan’s syndrome. The patient who died de- 
veloped low cardiac output and was not re- 
sponsive to vigorous therapy. His course was 
characterized by shock and progressive aci- 
dosis. Postmortem examination revealed se- 
vere concentric right ventricular hypertrophy 
with foci of myocardial fibrosis (Fig 5). Table 3 
summarizes the surgical data. 


Comment 

Pulmonary valvular dysplasia was found in 14 
(20%) of 55 patients with pulmonary valvular 
stenosis treated between 1970 and 1976. This 
figure is a little higher than that reported in the 
literature (10 to 15%) and may reflect the number 
of patients with Noonan’s syndrome seen at this 
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Pulmonary 
valvulectomy_ 





Fused leaftets 
seen from above 


Fig 3. Surgical anatomy and operative treatment of 
pulmonary stenosis. (A) The anterior wall of the 
pulmonary artery has been opened (left), 
exposing the markedly thickened and immobile B 
leaflets of the dysplastic valve. Viewed from above 
(top inset), narrowing of the valve orifice by 
thickened, redundant valve tissue is seen. Total 
valvectomy relieves the stenosis. (B) The domed, 
mobile valve leaflets of classic pulmonary stenosis 
are seen on the left. Commissurotomy relieves the 
stenosis. 
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Fig 4. Photomicrograph of a dysplastic pulmonary 
valve. The leaflets are composed of loose connective 
tissue made up of irregularly arranged stellate and 
fusiform cells that lie in a basophilic matrix 
containing randomly dispersed collagen fibers. The 
normal structural organization of the pulmonary 
valve leaflets is absent. (H&E; original 
magnification X75.) 


institution. Eight of our patients (57%) carried 
the clinical diagnosis of Noonan’s syndrome. In 
the series reported by Linde and colleagues [5] 
and Schieken and associates [9], all patients dis- 
played the physical findings of Noonan’s syn- 
drome. It is clear that although pulmonary val- 
vulary dysplasia is often seen in patients who 
have Noonan’s syndrome [8], this condition 
may occur in otherwise normal individuals as 
well as in persons with other congenital cardiac 
malformations. 

In general, the clinical findings in this series 
were similar to those previously reported [4, 5, 
9]. Our patients tended to have moderately se- 
vere stenosis, as indicated by a mean right 
ventricular—pulmonary artery gradient of 80 mm 
Hg. The angiographic appearance has been well 
documented by Jeffrey and co-workers [3], and 


Fig 5. Transverse section through the heart as seen 
from above. This is a 6-month-old child (Patient 13), 
who died the night of operation after valvectomy. 
The right side and septum of the right ventricle (RV) 
are markedly hypertrophied, as is the left ventricle 
(LV). 


many of the features described were present in 
our series: thickening of the dysplastic pulmo- 
nary valve, redundant valve tissue, and hypo- 
plasia of the pulmonary annulus and main pul- 
monary artery. In our series, hypoplasia of the 
main pulmonary artery and pulmonary annulus 
was seen in only 4 patients. We offer no explana- 
tion for this discrepancy except to suggest that a 
spectrum of pathological findings must exist in 
this entity. 

The basic surgical problem in these patients 
relates to the thickening and deformity of the 
valve leaflets, which prevent their normal excur- 
sion. This impaired mobility can be recognized 
easily by comparing cusp position on the sys- 
tolic and diastolic frames of the angiogram. His- 
tologically, the thickening appeared to be due to 
retention of primitive connective tissue in the 
spongiosa. The leaflets of the dysplastic valve 
showed loose connective tissue similar to that 
seen in the stage 15 human embryo [6]. The 
abnormality in valvular dysplasia appears to be 
distinctly different from that of classic pulmo- 
nary stenosis, in which the main problem (al- 
though there may be some cusp thickening) is 
commissure fusion, which results in a narrowed 
valve orifice. Another potential surgical problem 
is the size of the pulmonary annulus, but, as 
already noted, the annulus and main pulmonary 
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Table 3. Surgical Data in 14 Patients with Pulmonary Valvular Dysplasia 


Patients 


1 


10 


Operative 
Findings 


Thickened, bicuspid 
pulmonary valve; 
infundibular 
stenosis; small VSD; 
RVH; PA normal; 
annulus normal 

Thickened, tricuspid 
pulmonary valve 

1. Thick, dysplastic, 

bicuspid 
pulmonary valve 
with 1-2 mm 
orifice 

2. Severely thickened, 

dysplastic valve; 
normal annulus 
and PA 

Tricuspid pulmonary 
valve with furled, 
thickened cusps; 
small annulus and RV 

Severely thickened, 
tricuspid, dysplastic 
valve; normal 
annulus 

1. RVH and moderator 

band 
hypertrophy; 
small type II VSD; 
thickened, rolled, 
tricuspid 
pulmonary valve 

2. Residual VSD and PS 


1. RVH; thickened, 
tricuspid, 
dysplastic valve; 
annulus and PA 
normal 

2. PA obstructed by 
thickened, 
elongated 
remaining cusp 

Massively thickened 

RV; thickened, 
tricuspid, dysplastic 
valve; small annulus 
and PA 

RVH; thickened, 

tricuspid, dysplastic 
valve; small annulus 
and PA 

Massively 

hypertrophied RA; 
thickened, rolled, 
dysplastic valve; 
small annulus 


Operation 


Open commissurotomy 


Open commissurotomy 


Open commissurotomy 


Valvectomy 


Open commissurotomy 
with pericardial 
patch to annulus and 
PA 


Partial valvectomy 


Partial valvectomy 


Total valvectomy 
Partial valvectomy 


Total valvectomy 


Total valvectomy 


Total valvectomy 


Total valvectomy 


Associated 
Procedures 


VSD repair; 
resection of 
infundibular 
stenosis 


None 


None 


None 


None 


ASD closure 


VSD closure with 
excision of 
moderator band 


None 
None 


Annulus patched 
with pericardium 


None 


None 


None 


Results 


Doing well at 5 yr 


Doing well at 5 yr 


Developed recurrent 
stenosis 


Doing well at 3 mo 


Doing well at 4 yr 
with 30 mm Hg 
residual gradient 


Doing well at 4 yr but 
has residual 


stenosis 


Developed recurrent 
stenosis 


Doing well at 1 mo 
Developed PS again 


Doing well at 6 mo 


Postop respiratory 
problems, 
otherwise doing 
well at 3 mo 


Doing well at 4 mo 


Doing well at 2 yr 
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Table 3 (continued) 





Operative 

Patients Findings Operation 

11 RVH; thickened, 
dysplastic, tricuspid 
pulmonary valve; 
ostium primum; 
fenestrated foramen 
ovale cleft; anterior 
leaflet mitral valve; 
normal PA and 
annulus 

12 RVH; thickened, 
tricuspid, dysplastic 
valve; ASD 

13 Massive RVH; 
thickened, tricuspid, 
dysplastic valve; ASD 

14 RVH; thickened, 
tricuspid, dysplastic 
valve; normal 
annulus 


Total valvectomy 


Total valvectomy 


Total valvectomy 


Total valvectomy 


Associated 

Procedures Results 

Closure of ASD and 
cleft in mitral 
valve leaflet 


Doing well at 9 mo 


ASD closure Doing well at 2 mo 


ASD closure Died 


postoperatively 


None Doing well at 5 mo 





RVH = right ventricular hypertrophy; PA = pulmonary artery; VSD = ventricular septal defect; RV = right ventricle; ASD = 
atrial septal defect; PS = pulmonary stenosis; RA = right atrium. 


artery were of normal dimensions in the major- 
ity of our patients. 

Surgical management of the dysplastic pulmo- 
nary valve must be directed at the underlying 
disorder. Standard commissurotomy has been 
shown in the past to be associated with a pro- 
hibitive mortality and a high (50%) incidence of 
residual or recurrent stenosis. In our initial ex- 
perience commissurotomy was performed on 4 
patients with no deaths, but more than 50% 
developed recurrent stenosis. Partial excision of 
the dysplastic valve, which was done in Group 
2, was also associated with a high incidence of 
recurrent obstruction, often necessitating a sec- 
ond procedure. 

Because of these results, we began to perform 
total valvectomy in patients with pulmonary 
valvular dysplasia. Ten patients have undergone 
total valvectomy; 9 have shown good clinical 
results. Only 1 patient had evidence of mild 
residual stenosis, and in this person a small an- 
nulus had been noted at operation. This patient 
probably would have benefited from patching 
of the annulus, which is often necessary when 
the annulus is small and was done in 1 of our 
patients. 


Because of the high incidence of postoperative 
complications, careful observation in the inten- 
sive care unit is necessary. Particular attention 
should be paid to cardiac output and obstructive 
airway problems. 

All patients are left with free pulmonary insuf- 
ficiency, which appears to be functionally un- 
important and fairly well tolerated. The long- 
term effects on right ventricular size and func- 
tion are not known. However, Blount [1] has 
followed 5 patients with pulmonary insuffi- 
ciency secondary to valvotomy, and he has 
shown that in the presence of a normal pulmo- 
nary vascular bed, pulmonary insufficiency is 
well tolerated for up to 17 years without detect- 
able deterioration in right ventricular function. 

In conclusion, successful management of 
pulmonary stenosis secondary to valvular 
dysplasia demands preoperative recognition. 
The diagnosis can now be readily confirmed by 
characteristic angiographic findings. The opera- 
tive approach must take the abnormality into 
account. In pulmonary valve stenosis it is likely 
that the underlying disorder has a broad spec- 
trum, ranging from simple commissure fusion to 
gross dysplastic deformity of the valve. It ap- 
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pears that the latter lesion, which is rare, is most 
effectively managed by total excision. This can 
be done with low operative mortality and pro- 
vides effective relief of severe stenosis in the 
majority of patients. 
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Discussion 

DR. JACQUES MISTROT (Lubbock, TX): We support the 
concept of total valve excision in pulmonary valvular 
dysplasia, but we wonder if Dr. Watkins and his 
group are being radical enough. 


While at the University of Minnesota two years ago, 
I had the opportunity to review our experience with 
pulmonary valvotomy by using the inflow stasis tech- 
nique for isolated pulmonary valvular stenosis. We 
found that this technique was excellent in providing 
relief of right ventricular outflow obstruction from 
pulmonary stenosis except in those few patients with 
pulmonary valvular dysplasia. Of a total of 110 pa- 
tients on whom we performed pulmonary valvotomy, 
using inflow occlusion, 15 patients had residual 
moderate (30-50 mm Hg gradient) to severe (>50 mm 
Hg gradient) right ventricular obstruction. Four pa- 
tients required reoperation. Dysplastic pulmonary 
valves were found in 2 patients. 

Initially we performed total valve excision, as Dr. 
Watkins has recommended; but after the entity of 
pulmonary valvular dysplasia became better defined 
angiographically, we found pulmonary annular 
hypoplasia in all our patients with this entity. Because 
of this latter finding, we have added transannular 
outflow patching to excision of the pulmonary valve. 

Although I do not have our postoperative catheteri- 
zation data available, we believe that outflow tract 
reconstruction, along with pulmonary valve excision, 
should be performed in these patients. 

Because only 4 of Dr. Watkins’ patients had pulmo- 
nary annular hypoplasia, I wonder if he believes that 
pulmonary valve excision alone will be adequate. 
Also, do his postoperative catheterization data for 
these patients support his view? 


DR. WATKINS: I was aware that the Minnesota group 
has demonstrated hypoplastic annuli in all their pa- 
tients. When the annulus is hypoplastic and the gra- 
dient is unacceptable after valvectomy, I think the 
annulus should be patched. On the other hand, if the 
annulus is normal at operation, then total excision of 
the valve should be all that is necessary. Basically, we 
are dealing with a lesion that possesses a broad spec- 
trum of pathological findings. The annulus may vary 
from normal to hypoplastic. The points we would 
emphasize are that the diagnosis of dysplasia can be 
made preoperatively and that valvectomy offers the 
best opportunity to relieve the obstruction. If the an- 
nulus is hypoplastic and if a residual gradient is pres- 
ent, a patch should be applied. 


Bacteremia, Endocarditis, 
and the Hancock Valve 


Donald J. Magilligan, Jr., M.D., Edward L. Quinn, M.D., 


and Julio C. Davila, M.D. 


ABSTRACT Among 373 patients with porcine 
xenografts, there were 27 instances of exposure of the 
xenograft to bloodstream or endocardial infection in 
22 patients. Nine patients underwent 10 separate in- 
sertions of xenografts for active infective endocar- 
ditis. There were no early infections or valve failures. 
Three patients returned with a late prosthetic valve 
endocarditis (PVE) due to a new infection. There were 
6 instances of bacteremia early after xenograft valve 
insertion with no early infection, no valve dysfunc- 
tion, and 1 instance of late PVE. Eleven patients had 
PVE ona porcine xenograft. Blood cultures in the 10 
patients treated with antibiotics promptly became 
negative. There were 3 valve-related deaths: 2 from 
valve incompetence and 1 from mitral and aortic 
xenograft stenosis. Our experience suggests that the 
Hancock porcine xenograft is: (1) as resistant to in- 
fection as are rigid prostheses in active infective 
endocarditis; (2) resistant to early postoperative bac- 
teremias; and (3) easier to sterilize than rigid pros- 
theses and more durable than other tissue valves in 
the face of PVE. 


The Hancock porcine xenograft valve has dem- 
onstrated satisfactory hemodynamic character- 
istics, a low thromboembolism rate, and excel- 
lent durability in the six years it has been in 
clinical use. In series reporting clinical experi- 
ence with the Hancock valve there have been 7 
instances of prosthetic valve endocarditis, 4 of 
which were successfully treated medically [5, 7, 
17, 28]. To further examine the durability of the 
Hancock valve in the face of infection, we re- 
viewed the Henry Ford Hospital experience 
with 470 Hancock valves inserted in 373 pa- 
tients. 

From the Division of Thoracic and Cardiac Surgery and De- 


partment of Infectious Diseases, Henry Ford Hospital, De- 
troit, MI. 


Presented at the Thirteenth Annual Meeting of The Society of 
Thoracic Surgeons, Jan 24-26, 1977, San Francisco, CA. 


Address reprint requests to Dr. Magilligan, Division of 
Thoracic and Cardiac Surgery, Henry Ford Hospital, 2799 W 
Grand Blvd, Detroit, MI 48202. 


508 


Materials and Methods 


Of the 373 patients with Hancock porcine xeno- 
graft valves, there were 22 in whom the xenograft 
valve was exposed to bloodstream or endocar- 
dial infection. Three patients had 2 episodes of 
infection and 1 patient had 3 infectious epi- 
sodes, which account for 27 instances of exposure 
of the xenograft to active infection. Patients 
were exposed to three types of infection. The 
first type of exposure was insertion of a porcine 
xenograft in active infective endocarditis. En- 
docarditis was considered active if the valve cul- 
ture was positive at the time of operation or if the 
patient had received less than four weeks of 
antibiotic therapy. The second type of infection 
was bacteremia early after insertion of a xeno- 
graft valve. These patients had fever and positive 
blood cultures in the first two postoperative 
weeks. It is uncertain whether these early septic 
episodes actually represent prosthetic valve in- 
fection [20]; thus they are called early bac- 
teremias. The third type of infection was 
prosthetic valve endocarditis (PVE) ona porcine 
xenograft. Diagnosis was made by 2 positive 
blood cultures (9 patients), positive culture of a 
mycotic embolus (1 patient), or at postmortem 
examination (1 patient). 

All elective patients received a cephalosporin 
antibiotic starting the evening before operation 
and continuing for 7 days. Patients with known 
primary or secondary endocarditis had anti- 
biotics and dosages chosen according to sen- 
sitivities by standardized disc testing and 
minimum inhibitory concentrations deter- 
mined by a double agar plate or tube dilution 
method. From October, 1971, to October, 1974, 
valves were rinsed in a saline solution to which 
neomycin and bacitracin had been added. Since 
that time valves have been rinsed in Ringer’s 
lactate solution alone. Antibiotic soaking was 
not a factor in the xenograft’s resistance to infec- 
tion. 
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Results 
Porcine Xenograft Insertion in 


Active Infective Endocarditis 


Nine patients underwent valve replacement 
with a porcine xenograft during active infective 
endocarditis, and one patient had valve replace- 
ment for active infection on 2 occasions, ac- 
counting for 10 separate operative procedures in 
these 9 patients. There were 8 men and 1 
woman, whose ages ranged from 25 to 55 years. 
Four of the 9 were drug addicts. 

Valve cultures were positive in 8 of the 10 
operations (organisms are listed in Table 1). The 
2 patients with negative valve cultures under- 
went operation because of hemodynamic dete- 
rioration after 20 and 23 days of antibiotic treat- 
ment, respectively. 

Isolated aortic valve replacement was per- 
formed on 5 occasions, aortic and mitral valve 
replacement on 3 occasions, mitral and tricuspid 
replacement once, and isolated mitral valve re- 
placement once. There was 1 operative death, 


and follow-up was possible in 8 patients who 
had 12 porcine xenograft valves inserted in the 
face of active infection. In no patient did the 
valve become infected during the current 
episode, nor was there any valve dysfunction. 
Five of the 8 patients who survived operation 
have normally functioning valves and are free of 
infection from 11 to 48 months postoperatively. 
Three patients had late infection of a porcine 
xenograft. Patient 1 returned with prosthetic 
valve endocarditis due to Streptococcus faecalis 
32 months following mitral and tricuspid valve 
replacement. The initial infecting organism had 
been Candida paropsilosis. Patient 4 returned 
with aortic PVE 12 months postoperatively. Al- 
though the organism (Streptococcus viridans) was 
the same as in the original infection, it was con- 
sidered a new infection because of the interval 
between episodes of endocarditis. Patient 7 
underwent first aortic and then mitral valve re- 
placement for 2 separate episodes of active infec- 
tive endocarditis. Three months after the aortic 


Table 1. Porcine Xenograft Valve Insertion in Active Infective Endocarditis 


eee 


Valve 

Patient Source Organism Culture 

1 Addict Candida + 
paropsilosis 

2 Septic Propionibacterium $ 

arthritis acne 

3 Unknown Corynebacterium; + 
Propionibacterium 
acne 

4 Unknown Streptococcus + 
viridans 

5 Addict Candida + 
paropsilosis; 
Corynebacterium 

6 Addict Staphylococcus = 
aureus 

7 Addict Streptococcus + 
viridans 

Addict Streptococcus F 

viridans; 
Propionibacterium 
acne 

8 Unknown Staphylococcus ia 
epidermidis 

9 Unknown Streptococcus = 
viridans 


Antibiotic 
Opera- Postoperative Duration 
tion Antibiotic (days) Follow-up 
MVR, Amphotericin B 48 Satisfactory, 
TVR 48 mo 
AVR Clindamycin 11 Satisfactory, 
48 mo 
AVR, Cephalothin 7 Satisfactory, 
MVR 35 mo 
AVR Vancomycin 8 PVE at 12 mo 
AVR Amphotericin B, 42 Satisfactory, 
5-fluocytosine, 20 mo 
vancomycin 
AVR, Methicillin 22 Satisfactory, 
MVR 11 mo 
AVR Penicillin G 35 PVE at 3 mo 
MVR Ampicillin 35 Sudden death, 
4 mo 
AVR Methicillin 42 Satisfactory, 
23 mo 
AVR, None Operative 
MVR death 


eee 


MVR = mitral valve replacement; TVR = tricuspid valve replacement; AVR = aortic valve replacement; PVE = prosthetic 


valve endocarditis. 
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valve replacement, and 8 months prior to his 
mitral valve endocarditis, he had an episode of 
polymicrobial prosthetic valve endocarditis, 
which was successfully treated medically. This 
infection and that involving the mitral valve 
were considered new infections because of a 
long symptom-free period, new organisms, and 
the appearance of septicemia directly related to 
the reinstitution of drug abuse. This patient had 
no evidence of valve dysfunction or infection 
when he died suddenly at home, 4 months after 
mitral valve replacement. His family assured us 
he was asymptomatic 2 hours prior to his death; 
however, postmortem examination was not per- 
formed. These 3 patients (Nos. 1, 4, and 7) are 
included in the experience with prosthetic valve 
endocarditis occurring on a Hancock valve (see 
Table 3). 


Bacteremia Early After Insertion 

of Porcine Xenograft 

Six patients had fever and positive blood cul- 
tures from 2 to 13 days following valve replace- 
ment with a porcine xenograft. Five of the 6 
patients were women whose ages ranged from 
41 to 60 years. Five patients underwent opera- 
tion for rheumatic valvular disease and 1 for 
mitral incompetence due to a prolapsing valve. 
No cardiac or extracardiac signs of endocarditis 
were noted in any patient. Three of 6 patients 


were treated with specific antibiotics for $ix 
weeks, and 3 for no more than two weeks. Pa- 
tient 11 (Table 2) returned 21 months postopera- 
tively with PVE from the same organism and 
was successfully treated medically. He is in- 
cluded in the experience with PVE on a Hancock 
porcine xenograft (Table 3). Five patients have 
been followed from 21 to 38 months with no 
evidence of residual infection or valve dysfunc- 
tion. 


PVE on a Porcine Xenograft 


Eleven patients, 6 men and 5 women aged 22 to 
72 years, sustained prosthetic valve endocarditis 
following insertion of a porcine xenograft. The 
interval between valve operation and endocar- 
ditis ranged from 3 to 45 months. Patients 1, 4, 
and 7 (see Table 3) had undergone valve re- 
placement for active infective endocarditis; the 
PVE was considered a new infection. Patient 11 
had an early bacteremia due to Enterobacter 
cloacae and returned with PVE due to the same 
organism 21 months later. The long interval be- 
tween bacteremia and PVE suggests a new infec- 
tion. Infecting organisms are listed in Table 3. 
The source of PVE was drug abuse in 4 patients, 
dental extraction in 1, urinary tract infection in 
1, and unknown in 5. 

Patient 22 had candida on the porcine xeno- 
graft. This was discovered unexpectedly on 


Table 2. Bacteremia Early After Porcine Xenograft Valve Insertion 


a 


Postop 
Interval Duration 
Patient Operation Organism (days) Antibiotic (days) Follow-up 
10 MVR Streptococcus 5 Ampicillin, 35 Satisfactory, 
faecalis streptomycin 38 mo 
11 MVR Enterobacter 2 Gentamicin, 42 PVE, 21 mo 
cloacae cephalothin 
12 AVR, Streptococcus 10 Ampicillin 35, 42 Satisfactory, 
MVR faecalis 26 mo 
13 MVR Staphylococcus 5 Vancomycin, 14,3 Satisfactory, 
aureus clindamycin 21 mo 
14 MVR Serratia 13 Gentamicin 8 Satisfactory, 
marcescens 22 mo 
15 MVR, Bacteroides 10 None Satisfactory, 
TVR fragilis 23 mo 


Ėt 


MVR = mitral valve replacement; PVE = prosthetic valve endocarditis; AVR = aortic valve replacement; TVR = tricuspid 


valve replacement. 
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Table 3. Prosthetic Valve Endocarditis in a Porcine Xenograft 








Postop 
Opera- Interval Antibiotic 
Patient tion Organism Source (mo) Antibiotic Duration Outcome Follow-up 
1 MVR, Streptococcus Addict 32 Ampicillin, 6 wk Cured Satisfactory, 16 mo 
TVR faecalis gentamicin 
4* AVR Streptococcus Unknown 2 Penicillin, 10 days Operation Died 19 days postop 
viridans streptomycin 
7" AVR Streptococcus Addict 3 Ampicillin, 6 wk Cured MVR, 8 mo; died suddenly, 11 mo 
viridans, gentamicin 
Staphylococcus methicillin 
epidermidis, 
Hemophilus 
influenzae 
11° MVR Enterobacter Unknown 21 Carbenicillin, 6 wk Cured Satisfactory, 28 mo 
cloacae gentamicin 
16 MVR Streptococcus Unknown 24 Penicillin, 6 wk Cured Died, 20 mo; valve normal at 
faecalis streptomycin postmortem examination 
17 MVR Streptococcus Addict 6 Penicillin, 6 wk Cured Satisfactory, 31 mo 
viridans streptomycin 
18 AVR Streptococcus Dental 29 Penicillin, 4 wk Operation Operative death 
viridans extraction gentamicin 
19 MVR Streptococcus Addict 7 Ampicillin, 8 days Died Drug overdose; valve normal at 
viridans gentamicin postmortem examination 
20 MVR Streptococcus Unknown 45 Ampicillin, 6 wk Cured Satisfactory, 3 mo 
faecalis gentamicin 
21 AVR, Streptococcus Unknown 36 Ampicillin 6 wk Cured Died, 3 mo; aortic and mitral 
MVR faecalis xenograft stenosis 
22 MVR Candida Urinary 29 None Died, pneumonia; candida on 


tract 


valve at postmortem examination 





“Original xenograft insertion for active infective endocarditis (see Table 1). 
Bacteremia early postoperatively (see Table 2). 


MVR = mitral valve replacement; TVR = tricuspid valve replacement; AVR = aortic valve replacement. 


postmortem examination. Thus 10 of 11 patients 
who had specific antibiotic therapy for PVE had 
blood cultures that promptly became negative. 

There were 3 valve-related deaths in the 11 
patients. Patient 4 underwent emergency opera- 
tion for overwhelming aortic valve incompe- 
tence after 10 days of antibiotic therapy for Strep- 
tococcus viridans PVE. At operation there was a 
sterile annular abscess with nearly total dehis- 
cence of the xenograft. There were sterile vegeta- 
tions on the prosthetic leaflets, but they did not 
appear to affect the leaflet function (Fig 1). The 
patient died suddenly 19 days postoperatively 
with an uninfected, normally functioning por- 
cine xenograft. The second valve-related death 
was that of Patient 18, who was operated on for 
aortic incompetence due to Streptococcus 
viridans PVE. At operation there was a sterile 
annular and subannular abscess with destruc- 
tion of leaflet tissue and vegetations. The pa- 
tient did not survive aortic valve replacement 
and Dacron patch grafting of the annular and 
subannular aneurysm. The third valve-related 
death was that of a 72-year-old woman (Patient 
21) who remained in persistent congestive heart 


failure following successful medical treatment of 
Streptococcus faecalis endocarditis that involved 
her aortic and mitral xenograft valves. Cardiac 
catheterization revealed a peak systolic gradient 
of 30 mm Hg across the 23 mm xenograft aortic 
valve and a mean diastolic gradient of 30 mm Hg 
across the 31 mm xenograft mitral valve. The 
patient died of congestive heart failure 3 months 
after successful treatment of PVE. On postmor- 
tem examination the orifices of the aortic and 
mitral xenografts were partially occluded by 
sterile vegetations (Fig 2). 

Among the remaining 8 patients with PVE, no 
deaths were directly related to valve dysfunc- ' 
tion, persistent infection, or embolus. Four are 
well after medical treatment alone for 3 to 31 
months. Four others are dead; of these, 1 patient 
(No. 22) had unsuspected candida PVE discov- 
ered on postmortem examination (Fig 3). Patient 
19 died suddenly after 8 days of antibiotic 
therapy for mitral xenograft PVE. The cause of 
death was most likely a self-inflicted drug over- 
dose. There was no evidence of active infection 
or prosthetic leaflet destruction on postmortem 
examination. Patient 16 died 20 months after 
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Fig 1. Aortic valve of Patient 4 with nearly total 
dehiscence of the valve, which is infected with 
Streptococcus viridans. On the left it can be seen 
that the sutures have torn loose fragments of the 


annular tissue. There are vegetations on the 
ventricular (left) and aortic (right) sides of the 
leaflets, but the leaflets are intact and open and 
coapt normally. 





METRIC 1 


Fig 2. Prosthetic aortic (left) and mitral (right) 
valves from Patient 21, who, after successful 
medical treatment of prosthetic valve endocarditis, 


had 30 mm Hg gradients across the valves. The 
stenosis is caused by sterile vegetations and cusp 
fusion. 
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C D 
Fig 3. Mitral valve from Patient 22, who had surfaces (A, B). The outflow (ventricular) side of the 
unsuspected candida on postmortem examination. valve was completely clean (C, D). The sewing ring 


The leaflets were intact, with nodular vegetations on was well encapsulated in healthy scar tissue. 
the inflow side arranged in rows along the coapting 
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successful treatment of PVE. There was no evi- 
dence of valve dysfunction clinically or at post- 
mortem examination. The fourth death was that 
of Patient 7, who had undergone mitral valve 
replacement 8 months after his episode of PVE 
and who died suddenly without evidence of 
valve dysfunction. 


Comment 
Patient Population 


Six of the 22 patients reported were drug addicts. 
The 27% incidence of addicts in a group of pa- 
tients with active primary and secondary en- 
docarditis is expected. The incidence of addicts 
among our total of 373 patients with Hancock 
valves is 12 (3.2%). Interestingly, the most fre- 
quent organism found in the addict group was 
Streptococcus viridans, the most common infect- 
ing organism in endocarditis among nonaddicts 
[19]. The gram-negative and Streptococcus 
faecalis infections usually associated with drug 
abuse were more common in our nonaddict 
population. 


Active Infective Endocarditis 


Since successful valve replacement in the face of 
active endocarditis was performed by Wallace 
[24] in 1965, a number of reviews have 
documented that valve replacement in the face of 
active infection may be undertaken with an 
operative mortality of 20 to 30% and a low late 
mortality [3, 14, 18]. Surprisingly, infection of 
the prosthesis has not been a major factor. In a 
review of 293 patients who underwent valve re- 
placement for endocarditis, the incidence of in- 
fection of the prosthesis was 4%. Among 162 
patients with active infection, the incidence of 
PVE was 3% [14]. This compares with a 0.5 to 1% 
incidence of early postoperative PVE in elective 
valve replacement [15]. 

In collective reviews on the operative treat- 
ment of endocarditis, there are none in which 
tissue valves were routinely employed. The pos- 
sible theoretical advantage of tissue valve pros- 
theses in active infective endocarditis is not pres- 
ent in the stented porcine xenograft, because 
the sewing ring is similar to rigid prostheses and 
the seat of infection in PVE is uniformly at the 
sewing ring-tissue annulus interface [2]. Once 


infection occurs on a tissue valve prosthests, 
however, cusp destruction usually follows 
whether the valve be fascia lata [11, 21] or viable 
or nonviable homograft [6, 9, 23, 25], which 
leads to the conclusion that tissue valves are 
more vulnerable to infection [12]. 

In the present series of 9 patients who under- 
went 10 operations for acute infective endocar- 
ditis, there was no early infection of the xeno- 
graft. The 3 late infections at 3, 12, and 32 months 
were from new foci, based on the length of the 
symptom-free interval, new organisms, or the 
introduction of a new source of infection. This is 
in agreement with the division of PVE into early 
and late cases based on whether it occurs within 
2 months postoperatively. The former cases are 
invariably associated with septic events in the 
operative or postoperative period, whereas the 
latter are related to a source of infection distinct 
from the surgical procedure [4]. 

We conclude, therefore, that the Hancock por- 
cine xenograft, when inserted in the face of ac- 
tive infective endocarditis, is as resistant to in- 
fection as are rigid prostheses. 


Bacteremia 


As described by Sande [20], bacteremias occur- 
ing within 24 days of valve replacement may not 
be associated with PVE, particularly if the or- 
ganism is gram negative, if there is an extracar- 
diac source of infection, and if there are no in- 
sufficiency murmurs. It cannot be assumed, 
however, that none of these patients has an 
infected prosthesis [26]. Four of 5 patients re- 
ported by Dismukes and associates [8] who had 
gram-negative bacteremia in the early post- 
operative period had infection on the pros- 
thesis. Clearly, any patient with bacteremia in 
the early postoperative period is at risk for PVE; 
in the present series the single patient with 
Staphylococcus aureus bacteremia was at great 
risk. Our other 5 patients fall into the group 
described by Sande [20]. Three of the 6 patients 
were treated with long-term antibiotics, 2 re- 
ceived antibiotics for up to two weeks, and the 
patient with Bacteroides fragilis bacteremia re- 
ceived no antibiotics because there was no 
longer a clinically septic course when the 
anaerobic cultures were reported. Thus we con- 
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clùde that the Hancock porcine xenograft is re- 
sistant to infection in the face of early postopera- 
tive bacteremias. 


Prosthetic Valve Endocarditis 


Prosthetic valve endocarditis occurring on a 
rigid prosthesis is associated with a mortality of 
50 to 100% [13-16, 20]. The mortality is highest 
when the infection occurs early (less than 60 
days after valve replacement) [8, 16, 22, 27], and 
this is related to the more virulent organisms 
seen early, to postoperative system derange- 
ment, and possibly to altered host resistance 
inflicted by the pump oxygenator [10]. The 11 
patients in the present series all had late infec- 
tions. Antibiotic therapy alone has been re- 
ported to be effective in eradicating infection in 
37 to 44% of patients with late PVE. In conjunc- 
tion with operations for valve incompetence or 
persistent infection, antibiotic therapy has re- 
sulted in survivals of 58 to 64% [8, 22]. The 
mortality in patients with PVE is due to valve 
dysfunction, persistent infection, or embolus 
[22]. Among the 11 patients in the present series, 


Fig 4. Photomicrograph of the mitral valve from 
Patient 21, who had valvular stenosis produced by sterile 
vegetations. A cross-cut of one commissure included 
two leaflets on which are accumulated large 

vegetations. These consist of old and fresh 

thrombus; some portions show varying degrees of 
organization. (Masson trichrome; X22.) 


there were 3 deaths directly related to valve dys- 
function and none to persistent infection or em- 
bolus. As evidenced by negative blood cultures 
or valve cultures, antibiotics were successful in 
curing infection in the 10 patients in whom they 
were employed. When compared to PVE in rigid 
prostheses, the Hancock porcine xenograft ap- 
pears to be easier to sterilize. 

The fact that the Hancock valve has proved 
easier to sterilize than rigid prostheses makes it 
similar to homografts [6]. This is somewhat sur- 
prising because the sewing ring—tissue annulus 
interface is uniformly the site of infection in 
rigid PVE [2]. The similarity in sterilization of 
the porcine xenograft and other tissue valves 
does not extend to durability in the face of PVE. 
Infection in homograft valves, even if eradi- 
cated, almost universally results in cusp destruc- 
tion that necessitates reoperation [1, 6, 9, 23, 25]. 
Similarly, in late PVE involving fascia lata or 
pericardial valves, 66% of survivors required 
reoperation because of valve incompetence [11, 
21). 

In the present series there were 3 valve fail- 
ures. In 2 there was valve incompetence due to 
annular abscess, and 1 of these also had actual 
cusp destruction. In the third valve failure the 
cusps of the aortic and mitral xenografts were 
stiffened and obstructed by vegetations. Histol- 
ogy showed vegetations without organisms on 
calcified xenograft leaflets (Figs 4, 5). 
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Fig 5. (Patient 21.) Higher power view of the area 
marked off in Figure 4. There is fragmentation of 
fibrinous material, and the horizontal layer of dark 
flecks beneath the vegetation represents 
calcification in the leaflet. (Masson trichrome; 
original magnification X150.) 


Our experience suggests, therefore, that in the 


face of PVE, the Hancock porcine xenograft is 
easier to sterilize than rigid prostheses and is 
more durable than other tissue valves. 
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Discussion 


DR. CHARLES R. HATCHER (Atlanta, GA): We are in- 
debted to Dr. Magilligan and his associates for shar- 
ing this unique experience with us. I think everyone 
has been a little concerned about the possible perfor- 
mance of the Hancock valve in instances of infection. 
We were psychologically disarmed a bit by the infor- 
mation that antibiotic soaking could result in some 
leaflet damage, and deprived of that technique, I 
think our insecurity increased slightly. There was also 
a question of how the prosthesis would behave once 
we had active severe infection with a variety of or- 
ganisms. 

Although this valve is currently being used in 
numerous centers, I think it takes a service such as Dr. 
Magilligan’s to have the number of patients necessary 
to draw any meaningful conclusions about it. Without 
his experience with drug-addicted patients, none of 
us would have been able to study sucha large number 
of infections; therefore, our conclusions would not 
have been so accurate. 

Since 1974, when we began to use the Hancock 
valve at Emory University, we have inserted 311 Han- 
cock valves, with 2 patients developing endocarditis, 
1 early and 1 late. Late endocarditis occurred in an 
elderly lady who had undergone mitral valve re- 
placement; just over two years following valve inser- 
tion she returned with a Candida infection. This con- 
dition is extremely difficult to manage. We employed 
a technique that we had used successfully just once 
previously, in a patient who had a different valve. 

When the valve was removed, a huge vegetation 
was found projecting into the left atrium. Obviously, 
this type of infection is not responsive to any type of 
antibiotic program and necessitates replacement of 
the valve and reinsertion. In this situation, the con- 
cern about reinfection is great, and following the ad- 
vice of Dr. Jerome Kay, all sutures and all infected 
material were removed, and a solution of amphoteri- 
cin was used to fill the operative field. The chambers 
and the entire area in which the sutures would be 
placed were flooded with this solution. We then tooka 
30-minute break in the operation before we inserted 
the valve. There has been no active Candida infection 
in this patient in a year and a half following that 


maneuver. Thus, I suggest this method as a way of 
dealing with PVE. 

In conclusion, I believe our data support some of 
Dr. Magilligan’s conclusions. I am not sure I would 
agree that we have established all of them, but these 
preliminary data are helpful in reassuring us about 
the behavior of the Hancock valve in instances of early 
and late infection. 


DR. DENIS H. TYRAS (St Louis, MO): In 8 of 24 Hancock 
valves implanted during a 4-month period, cultures of 
the accompanying tissue remnants of aortic wall grew 
out a fastidious atypical mycobacterium. This or- 
ganism which could be cultured only in thioglycolate 
broth, appeared at two to three weeks of incubation 
and could be subcultured only on a special thioglyco- 
late agar incubated in a 5% carbon dioxide atmo- 
sphere. 

To determine the origin of the acid-fast organism, 
numerous cultures were made from sources that 
might have contaminated the valves or the thioglyco- 
late medium. Saline, used for valve rinsing, and thio- 
glycolate broth from sterility controls, including that 
from the same batches used for porcine valve culture 
but inoculated with cerebrospinal fluid, failed to grow 
acid-fast bacilli. Moreover, in 2 instances cultures of 
aortic wall coupons before rinsing grew out this atypi- 
cal. mycobacterium, as did the cotton balls and 
glutaraldehyde solution that accompanied the valve. 

The identity of this atypical mycobacterium is still 
under investigation. Its growth characteristics are 
most typical of Mycobacterium bovis, known to be 
pathogenic in swine. However, the Center for Disease 
Control in Atlanta has informed us that a porcine 
valve culture from another institution has grown M. 
chelonei, a member of Runyon’s group IV. There have 
been 2 reports of endocarditis resulting from this or- 
ganism. 

Our patients are being followed carefully, and only 
1 has shown any problems to date. Five months after 
mitral valve replacement this patient developed a 
large pericardial effusion which, at the time of 
pericardiectomy, was found to contain acid-fast or- 
ganisms. We are not certain of the clinical importance 
of this finding. 

Collins and Montalbine have shown that buffered 
0.2% glutaraldehyde is not mycobactericidal, and we 
believe that for a valve to be labeled sterile it is vital to 
show evidence of negative cultures in thioglycolate 
broth under anaerobic conditions for three weeks, so 
as to assure that the valves are free of this organism 
before the manufacturer forwards them to individual 
users. We are currently evaluating the effects on this 
organism of higher concentrations of glutaraldehyde 
such as are used with the Carpentier-Edwards porcine 
heterograft. 


DR. AGUSTIN ARBULU (Detroit, MI): The authors men- 
tion that 1 patient required reoperation because of 
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valve destruction and that they found a subannular 
aneurysm. We have found these subannular 
aneurysms to be localized mainly below the right and 
noncoronary cusps. To date we have seen 18 patients 
with bacterial endocarditis. The bacteria were gram 
positive. Nine oz these patients were heroin addicts. 

In our initial experience we repaired the subannular 
aneurysm with sutures, and in more than half of our 
patients the aortic insufficiency recurred. Then we 
modified our technique, and we considered it ex- 
tremely important to repair the subannular aneurysm 
with a patch so as to afford support to the prosthesis. 
We have repaired 8 subannular aneurysms by the 
patch technique and have had no complications. All 
these patients were cured of their aortic insufficiency. 
I wonder if Dr. Magilligan will comment on this prob- 
lem. My recommendation is that a subannular 
aneurysm should be carefully repaired with a patch 
prior to insertion of the prosthesis. 


DR. WILLIAM ANGELL (San Jose, CA): We have been 
concerned with heterograft valves and postoperative 
infection. We have also wondered whether a perival- 
vular leak did not precede infection in a number of 
patients. I wonder if the authors could indicate the 
number of valves in this experience that had as- 
sociated perivalvular leaks. 


DR. SAMUEL L. KALUSH (Milwaukee, WI): Dr. Magilli- 
gan, were these patients maintained on long-term 
antibiotics? 


DR. MAGILLIGAN: We agree with Dr. Hatcher that the 
appearance of candida on a prosthetic valve is indica- 
tion for removal. We, too, have soaked the annulus 
with amphotericin, but we have not soaked the heart 
with it because we have been told that there is a 
possibility it may be toxic to the myocardium. 

I was very interested in Dr. Tyras’ report of atypical 
mycobacteria. We became interested in this when we 


investigated 2 patients with tuberculosis following 
valve replacement. These were typical cases of human 
Mycobacterium tuberculosis, but in talking to vet- 
erinarians at Michigan State University, we found an 
expert on swine TB who told us that about 70,000 
swine are retained in federally inspected slaughter 
plants each year because of Runyon group III or- 
ganisms. 

We have not found any atypical mycobacteria. Al- 
though what Dr. Tyras has told us is important, I don’t 
think it should throw us into a panic about using the 
valve, because the incidence of infection in humans, 
to my knowledge, has been zero. 

Weare indebted to Dr. Arbulu for his description of 
how to repair subannular aneurysms. This is a terrible 
problem, and in our patient who did not survive op- 
eration, we attempted to repair the aneurysm with a 
patch and a new prosthesis. Bleeding, however, be- 
came an overwhelming problem. 

The 2 aortic valves that we showed here had 
perivalvular leaks. There was the kind of dehiscence 
that is seen in a rigid-frame prosthesis involved with 
endocarditis. Preexisting perivalvular leak was pres- 
ent in 1 other patient in whom the mitral valve had 
been improperly seated at the original operation. 

In PVE involving a rigid-frame prosthesis, I think 
the infection occurs at the tissue annulus—sewing ring 
interface in 100% of the patients, and this is where 
dehiscence will occur. The role of glutaraldehyde in 
dehiscence is not clear, but we have seen dehiscence 
in only 2 patients, each of whom had endocarditis. 

With regard to long-term antibiotic therapy (pa- 
tients with the early bacteremias), 3 had long-term 
therapy and 3 did not. This reflects our uncertainty 
over whether this is really infection of the valve. 
Among the patients with acute infective endocarditis 
who had valves replaced during active infection, all 
had long-term antibiotics following operation except 
for 1 who was treated for only two weeks. Ten of 11 
patients with PVE received appropriate antibiotics, 
We continued this, when possible, for six weeks. 


Patient-Related Risk 


Factors as Predictors of Results 
Following Isolated Mitral Valve Replacement 
Neal W. Salomon, M.D., Edward B. Stinson, M.D., Randall B. Griepp, M.D., 


and Norman E. Shumway, M.D. 


ABSTRACT Results following isolated mitral valve 
replacement in 897 consecutive patients over a 
twelve-year period were analyzed with regard to the 
influence of various preoperative patient-related risk 
factors. Actuarial data analysis allowed definition of 
major preoperative, etiological, clinical, and hemo- 
dynamic correlates to both perioperative and long- 
term postoperative patient survival. Patient age 
below 60 years, preoperative New York Heart Associ- 
ation Functional Class of III or less, cardiac index 
greater than 2.0, and left ventricular end-diastolic 
pressure of less than 12 mm Hg were all highly signif- 
icant correlates of improved perioperative as well as 
long-term patient survival. 

Patients whose predominant functional lesion was 
mitral insufficiency had only a 53% five-year survival 
(187 of 352 patients) following mitral valve replace- 
ment as opposed to 70% (521 of 745 patients) for those 
who had mixed or stenotic mitral lesions. Primary 
ischemic mitral dysfunction was associated with only 
31% five-year survival (17 of 54 patients) after mitral 
valve replacement in contrast to 69% (480 of 695 pa- 
tients) for patients with rheumatic mitral lesions. The 
presence of occlusive coronary artery disease coexist- 
ing with, but not the primary cause of, mitral dys- 
function was associated with decreased perioperative 
and late postoperative survival. 

Results support both earlier operative intervention 
and wider use of associated procedures, ie, coronary 
bypass grafting, with mitral valve replacement. Rec- 
ognition of major preoperative patient-related risk 
factors should enhance survival following this proce- 
dure. 


During the past fifteen years, mitral valve re- 
placement has become an accepted therapeutic 
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modality for treatment of functional disability 
due to mitral valve disease. Indeed, it probably 
constitutes the single most important develop- 
ment during this period in the management of 
patients with major mitral disease [29]. Substan- 
tial advances have been made in the hydraulic 
design of various mechanical and biological mi- 
tral valve substitutes, and operative risk has 
declined with increasing experience. We have 
recently reported on prosthesis-related complica- 
tions that affect long-term morbidity and mortal- 
ity after mitral valve replacement so as to com- 
pare accurately the complications associated 
with mitral prosthetic devices utilized in our 
experience [34]. However, the impact of various 
patient-related, clinical, hemodynamic, and 
etiological factors on long-term results after mi- 
tral valve replacement has not been well 
documented. Such analysis is necessary to pro- 
vide perspective for assessment of the proper 
timing and relative merits of mitral valve re- 
placement within the context of the natural his- 
tory of various functional and etiological lesions 
of the mitral valve. In the present study the total 
experience with isolated mitral valve replace- 
ment at Stanford University Medical Center over 
the past twelve years is reviewed. Emphasis has 
been placed on the identification of preoperative 
patient-related factors that correlated signifi- 
cantly with postoperative outcome. 


Materials and Methods 


Between March, 1963, and May, 1975, 897 pa- 
tients underwent isolated mitral valve replace- 
ment at Stanford University Medical Center. 
This total excludes patients who had multiple 
valve replacements but includes those who 
underwent associated procedures. During the 
twelve-year period, three types of mitral valve 
substitutes were utilized: Starr-Edwards Model 





6000 and 6120 prostheses, stented fresh ao fart CF a 


valve allografts, and glutaraldehyde-prese# 
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porcine xenografts. Evaluation of results perti- 
nent to each valve type has been presented in 
detail previously [34]. 

Relevant clinical data are summarized in Ta- 
bles 1 and 2. There were 573 women and 324 
men; the average age at operation was 53 years 
(range, 5 to 80 years). Two hundred forty pa- 
tients had predominant mitral stenosis, 352 had 
predominant mitral insufficiency, and 305 had 
mixed functional lesions. Preoperatively, 90 pa- 
tients (10%) were in New York Heart Associa- 
tion Functional Class I or I, 633 (71%) were in 


Table 1. Preoperative Clinical Data on 897 Patients 
Who Underwent Isolated Mitral Valve 


Replacement 
No. of 

Patient Data Patients Percent 
Men 324 36 
Women 573 64 
Age (yr) 

<= 40 116 13 

41-50 204 23 

51-60 307 34 

61-65 141 16 

>65 ; 129 14 
Predominant functional 

lesion ' 

Mitral stenosis ` 240 27 

Mitral insufficiency 352 39 

Mixed mitral lesion ` 305 34 
Functional Class 

lor Il 90 10 

m: 633 71 

TV 174 19 


Table 2. Primary Cause of Mitral Valve Lesion in 
897 Patients 


No. of 
Cause Patients 
Rheumatic 695 
Myxomactous degeneration 112 
Ischemic mitral disease 54 
Infective endocarditis 8 
Prosthetic valve dysfunction 16 
Miscellaneous 12 


Class III, and 174 (19%) were in Class IV. The 
most common etiological diagnosis was 
rheumatic valvulitis. Three hundred thirty-four 
patients (37%) were in normal sinus rhythm 
preoperatively, 504 (56%) were in atrial fibrilla- 
tion, and 59 (7%) had other supraventricular 
arrhythmias (Table 3). The results of preopera- 
tive cardiac catheterization, performed in 712 
patients, are summarized in Table 4. 

The diagnosis of associated cardiac lesions 
was made on the basis of both preoperative and 
intraoperative criteria. Coronary artery disease 
was diagnosed in 134 patients by coronary ar- 
teriography, documented previous myocardial 


Table 3. Preoperative Clinical Features in 897 
Patients Who Underwent Isolated Mitral Valve 
Replacement 


No. of 

Feature Patients Percent 
Cardiac rhythm 

Normal sinus rhythm 334 37 

Atrial fibrillation 504 56 

Other arrhythmias 59 7 
Other features 

Myocardial disease 86 10 

(by angiogram) 

Coronary artery disease 134 15 

Myocardial infarction 113 13 

Previous cardiac operation 199 22 

Emergency operation 17 2 


Table 4. Preoperative Hemodynamic Data in 712 of 
897 Patients Having Isolated Mitral Valve 
Replacement 


Mean and 

Measurement Standard Error 
Cardiac index 2.17 + 0.6 

(Limin/m?*) 
PAP (mm Hg) 

Mean 35 + 14 

Systolic 55 £ 24 
LVEDP (mm Hg) 12.6 +7 
PAWP (mm Hg) 2247 


PAP = pulmonary artery pressure; LVEDP = left ventricular 
end-diastolic pressure; PAWP = pulmonary artery wedge 
pressure. 
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infarction, or postmortem examination (if per- 
formed within one year of mitral valve replace- 
ment). Patients with primary ischemic mitral 
dysfunction as a direct complication of severe 
coronary artery disease (54 patients) were dis- 
tinguished from those in whom coronary artery 
disease was incidental to the primary mitral 
valve lesion (80 patients). The diagnosis of myo- 
cardial disease was based solely upon left ven- 
tricular angiographic criteria defining clear-cut 
regional or generalized dyssynergy. Additional 
associated cardiac lesions included aortic insuf- 
ficiency or stenosis in 65 patients and tricuspid 
insufficiency in 89 patients. In none of these pa- 
tients, however, was a simultaneous multiple 
valve replacement performed. Atrial septal de- 
fects were repaired in 21 patients and ventricular 
septal defects in 3. Eleven patients had simul- 
taneous repair of left ventricular aneurysms. 

Standard operative techniques for mitral valve 
replacement through a median sternotomy inci- 
sion were utilized. Aortic cross-clamping was 
combined with local myocardial hypothermia, 
induced by continuous irrigation of the pericar- 
dial sac with cold saline at 3° to 4°C, for myocar- 
dial protection [11]. 

The 897 mitral valve substitutes included 49 
Starr-Edwards Model 6000 prostheses; 515 
Starr-Edwards Model 6120 prostheses; 115 fresh 
aortic valve allografts (Cutter) mounted on rigid, 
Teflon-covered support rings; and 214 
glutaraldehyde-preserved porcine aortic valve 
xenografts (Hancock). Postoperatively, patients 
with Starr-Edwards prostheses were treated 
with an oral anticoagulant (warfarin sodium) 


indefinitely. Specific information regarding the . 


adequacy of anticoagulation in the majority of 
patients, however, was not available. For pa- 
tients who received aortic allograft valves, post- 
operative anticoagulation with warfarin sodium 
was prescribed for the first two to three months 
and then routinely discontinued except at the 
discretion of the referring physician or in cases 
of intercurrent thromboembolism. Postopera- 
tive anticoagulation in patients who received 
porcine xenografts consisted of a similar regi- 
men in approximately one-third of the patients; 
no anticoagulation was prescribed in the re- 
mainder. All patients who underwent con- 
comitant saphenous vein aortocoronary bypass 


grafting received warfarin sodium for approxi- 
mately four weeks postoperatively as pro- 
phylaxis against venous thrombophlebitis, 
regardless of the valve type utilized. 


Postoperative Evaluation 


Current follow-up evaluation of all discharged 
patients was obtained by direct contact with 
them or their physicians or both during a 
three-month closing interval. Functional 
classification was assigned according to NYHA 
criteria (1964) on the basis of current symptoms. 
The average follow-up interval for patients cur- 
rently alive was 4.6 years (range, 1 month to 12.3 
years), and the total duration of postoperative 
follow-up analysis for all patients (summed in- 
dividual intervals from operation to death or 
current follow-up) was 7,100 patient-years. 
Operative mortality was defined as death within 
30 days of operation. In the calculation of overall 
postoperative survival, both early and late post- 
operative survival rates were taken into account. 

Statistical evaluation of the influence of vari- 
ous preoperative clinical and hemodynamic 


. variables on postoperative survival was as- 


sessed by comparison of actuarially determined 
survival curves after the entire group of patients 
had been dichotomized on the basis of a single 
variable [7, 12]. Thus, for continuous variables 
such as age or hemodynamic values, dichotomi- 
zation was achieved by selection of sequential 
closely spaced thresholds. A two-tailed signifi- 
cance level was assigned to the p values thus 
obtained [9]. 


Results 


Causes of Operative Deaths and 
Relation to Primary Etiology 


The operative mortality rate for the entire series 
was 9.6% (86 patients). Analysis of the causes of 
early postoperative fatalities revealed low car- 
diac output (myocardial failure) and technical 
errors to be the most common, accounting for 
24.4% and 18.6% of such deaths, respectively 
(Table 5). 

The relationship of early postoperative mor- 
tality to the primary cause of mitral valve disease 
is summarized in Table 6. The detrimental influ- 
ence of concomitant coronary artery disease is 
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Table 5, Causes of Perioperative (In-hospital) Death in 86 Patients ý 





Cause 


No. of 
Patients 


Percentage of 
Early Deaths 





Low cardiac output 
(myocardial failure) 

Technical 

Myocardial infarction 


Ventricular arrhythmias 
(documented) 


Valve replacement failure 
(thrombosis or mechanical) 

Pneumonia 

CVA (diagnosed embolus) 

Respiratory insufficiency 

Pulmonary embclus 

Other 


CVA = cerebrovascular accident. 


21 24.4 


16 18.6 
8 9.3 
7 8.1 


6 6.9 


6.9 
4.6 
4.6 
3.4 
11 12.8 


woe e o 


Table 6. Perioperative Deaths According to Primary Cause of Mitral Valve Lesion 


Cause of Lesion 


Rheumatic valvular disease 
Without CAD 
With CAD 
Myxomatous degeneration 
Without CAD 
With CAD 
Ischemic mitral disease 
Infective endocarditis 
Prosthetic valve dysfunction 
Other 


Total 


CAD = coronary artery disease. 


clear. The early mortality rate after valve re- 
placement for rheumatic valvular disease with- 
out associated coronary artery disease was 6.8%, 
but it rose to 29.5% in the presence of occlusive 
coronary artery lesions producing more than 
60% narrowing of the luminal diameter of major 
epicardial vessels. Similarly, the early mortality 
rate in patients who had myxomatous degenera- 
tion of the mitral valve without coronary disease 
was 5.4%; with associated coronary artery dis- 
ease it was 21%. Mitral valve replacement for 
dysfunction directly attributable to complica- 
tions of myocardial infarction (54 patients) was 


Total 
Patients 


No. of 


Deaths Percent 


634 43 6.8 
61 18 29.5 


associated with an early postoperative mortality 
rate of 18.5%. Reoperation for failure of pre- 
viously implanted mitral valve substitutes in 16 
patients resulted in no early deaths. 


Correlates of Overall Postoperative Survival 
CAUSES OF LATE POSTOPERATIVE DEATHS. The 
major causes of 180 late postoperative deaths not 
directly related to complications of the mitral 
prosthesis included congestive heart failure in 
66 patients (37%), myocardial infarction in 26 
(14%), proved cerebrovascular thrombi or 
hemorrhages unrelated to anticoagulation in 13 
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(7%), and sudden, unexplained death in 28 
(16%). An additional 56 late deaths were directly 
attributable to prosthesis-related complications 
[34]. 

PRIMARY ETIOLOGY. The influence of the pri- 
mary cause of mitral valve disease on overall 
postoperative survival was determined by com- 
parison of actuarially calculated survival curves 
for the three most prevalent categories: rheuma- 
tic valvular disease, connective tissue disorders, 
and ischemic mitral dysfunction (Fig 1). Signifi- 
cant differences between all three categories 
were present. Five years postoperatively, pa- 
tients with a primary rheumatic origin achieved 
a 69% survival rate (480 of 695 patients) com- 
pared with 54% (61 of 113) for patients who had 
degenerative valve disease due to connective tis- 
sue disorders and 32% (17 of 54) for patients 
with mitral dysfunction resulting from compli- 
cations of ischemic heart disease (p < 0.05 in all 
cases). 

PREDOMINANT FUNCTIONAL LESIONS. Overall 
postoperative survival rates for patients with 
predominant mitral stenosis and for those with 
mixed stenotic and regurgitant mitral lesions 
were similar. However, both were significantly 
(p <0.05) superior to survival rates exhibited by 
patients with predominant mitral regurgitation. 
In the latter group the five-year overall post- 
operative survival rate was 54% (190 of 352 pa- 
tients) compared with 68 and 71% (163 of 240 


Fig 1. Influence of the primary cause (rheumatic, 
myxomatous, ischemic) of ntitral valve disease on 
postoperative actuarial survival. 


PERCENT SURVIVAL 


YEARS POSTOPERATIVE 





and 216 of 305) for patients with mitral stenosis 
and with mixed mitral lesions, respectively 
(Fig 2). 

Further analysis of those patients with pre- 
dominant mitral regurgitation revealed marked 
differences in survival rates according to the 
cause of the mitral lesion. Whereas patients with 
mitral regurgitation secondary to rheumatic dis- 
ease or connective tissue disorders showed 
five-year survival rates of 57 and 54%, respec- 
tively, those with ischemic mitral valve incom- 
petence sustained a survival rate of only 32% at 
five years (Fig 3). 

ASSOCIATED CORONARY ARTERY DISEASE. The 
impact of documented coronary artery disease 
associated with, but not necessarily the cause of, 
mitral valve dysfunction was analyzed in terms 
of overall survival (Fig 4). Five years after mitral 
valve replacement, 531 (70%) of the 759 patients 
without known coronary artery disease were 
alive whereas only 25 (31%) of 80 patients with 
documented coronary disease were living (p < 
0.05). As seen in Figure 4, the greatest discrep- 
ancy in survival between these two groups oc- 
curred during the first postoperative year, re- 
flecting predominantly the differences in early 
postoperative mortality rates; thereafter, the 
slopes of survival curves for the two groups were 
parallel. Twenty-nine of the original 80 patients 
with documented coronary artery lesions under- 
went simultaneous aortocoronary saphenous 
vein bypass grafting at the time of mitral 
valve replacement. Sufficient data regarding 
graft patency are not available. However, over- 
all survival for the subgroup that underwent 
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Fig 2. Influence of the predominant functional 
mitral lesion (stenosis, insufficiency, mixed) on 
overall postoperative actuarial survival. 
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Fig 3. Overall postoperative actuarial survival for 
153 patients with mitral insufficiency due to 
rheumatic disease, 113 with connective tissue 
disorders, and 54 with ischemic mitral dysfunction. 


bypass grafting was noticeably superior to that 
‘achieved by the 51 patients who underwent iso- 
lated mitral valve replacement (p < 0.05). 

The influence of documented coronary artery 
disease on five-year overall survival rates follow- 
ing mitral valve replacement for selected etiolog- 
ical subgroups is illustrated in Figure 5. In all 
three subgroups—rheumatic mitral stenosis or 
mixed stenosis and regurgitation, rheumatic mi- 
tral insufficiency, and mitral insufficiency due 
to connective tissue disorders—the deleterious 
effect of associated coronary disease is evident. 

AGE. The influence of age at the time of opera- 








@ RHEUMATIC (153) 
o MYXOMATOUS (113) 
4 ISCHEMIC (54) 


tion as a single variable affecting both early and 
late postoperative mortality rates was analyzed. 
Early mortality rates were comparable for all age 
groups below 65 years (average, 7.8%). How- 
ever, for 129 patients older than 65 years, the 
early mortality rate was significantly higher 
(20.2%; p < 0.05). Examination of late post- 
operative mortality rates showed a significant 
difference for patients younger than 60 years of 
age compared with patients older than 60 years 
(p < 0.01). These data, however, do not correct 
for natural attrition by actuarial comparison. 
FUNCTIONAL CLASS. Early mortality rates for 90 
patients who had been in NYHA Class I or H 
preoperatively was 2.2%, compared with 7.4% 
for 633 patients in Class II and 21.3% for 174 
patients in Class IV (p < 0.05 for all). Figure 6 
shows the influence of preoperative functional 


e. 
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Fig 4. Influence of documented occlusive coronary 


artery disease (CAD) on postoperative actuarial 
survival for 80 patients with and 759 without CAD. 
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Fig 5. Influence of concomitant documented 
coronary artery disease (CAD) on overall five-year 
postoperative survival: for selected subgroups. 


class on overall postoperative survival. Five- 
year postoperative survival rates were 77%, 
68%, and 47% and the eight-year rates were 
64%, 52%, and 40% for, respectively, patients in 
preoperative Functional Classes I or II, III, and 
IV. The differences in survival rates between 
each functional classification at both intervals 
are all significant (p < 0.05). 

HEMODYNAMIC VARIABLES. The influence of 
several hemodynamic variables was evaluated 
by comparison of early and late survival rates in 
patients dichotomized at closely spaced thresh- 
olds for any given variable. Values associated 
with significantly increased early operative 
mortality rates included cardiac index less than 





è NO CAD (759) 
© CAD (80) 


p < 0.005 


2.0 liters per minute per square meter of body 
surface area, left ventricular end-diastolic 
pressure greater than 12 mm Hg, pulmonary 
artery systolic pressure greater than 50 mm Hg, 
and pulmonary artery mean pressure greater 
than 30 mm Hg (p < 0.05 for all). Hemody- 
namic variables associated with significantly 
inferior late postoperative (30 days) survival 
rates included only cardiac index less than 2.0 
L/min/m? and left ventricular end-diastolic pres- 
sure greater than 12 mm Hg (p < 0.005 for both). 


Summary of Significant Preoperative 

Patient Risk Factors 

Significant factors associated with an increased 
risk for early (30 days) or late (> 30 days) post- 
operative mortality are summarized in Table 7. 
Comparison of preoperative and postoperative 
Functional Class distribution for the 571 cur- 
rently surviving patients is illustrated in Figure 
7. At the time of follow-up evaluation, 56% of 
the patients were categorized in Functional 
Class I, 35% in Class II, 8% in Class HI, and 1% 
in Class IV. 


Comment 


Data regarding both early and late postoperative 
survival after mitral valve replacement have 
been presented in numerous reports [2, 4, 5, 8, 
17, 18, 20, 22, 26, 32]. In only a few studies, how- 
ever, has detailed analysis of patient-related risk 
factors been fully considered. In the present 
study we have attempted, by retrospective anal- 
ysis, to identify significant preoperative corre- 
lates of patient survival following mitral valve 
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Fig 6. Influence of preoperative functional class on 
postoperative actuarial survival following mitral 
valve replacement for 90 patients who were in 
NYHA Functional Class I or I, 633 in Class II, and 
174 in Class IV preoperatively. 


replacement and, by defining them, to permit 
comparison of żhe results of our operative series 
with studies on the natural history of mitral 
valve disease. 

Myocardial failure, manifested as either low 
cardiac output immediately postoperatively or 
late postoperative congestive heart failure, was 
the major cause of death; it accounted for 24.4 
and 37%, respectively, of nonprosthesis-related 
fatalities in the early and late postoperative 
periods. Identifiable preoperative correlates of 
myocardial failure included cardiac index, left 
ventricular filling pressures, angiographically 
identified left ventricular contractile abnor- 
malities. and functional classification. All these 


ia, 
-4 





| p <0.05 


p <0.05 


variables correlated significantly with increased 
early and late mortality rates (see Table 7). These 
results support those presented in most other 
large series [1, 14, 17, 18, 20, 24, 28] and reaffirm 
the concept that the functional state of the 
myocardium at the time of operation is probably 
the major single factor determining operative 
outcome. These considerations suggest that mi- 
tral valve replacement should be considered 
early in the course of treatment of patients who 
have progressive symptoms and advancing 
functional disability due to mitral valve disease 
[4,34]. Current methods for assigning functional 
classification are subjective and imperfect [35]. 
The present study, however, validates the prog- 
nostic value of overall preoperative functional 
classification in the prediction of postoperative 
survival. 

The primary cause of mitral valve dysfunction 
in this series proved to be a significant correlate 


Table 7. Preoperative Risk Factors Determining Postoperative Death (p < 0.05) 





Early Death 


Patient age > 6C yr 
Functional Class IV 
Primary etiology: ischemic mitral dysfunction 
Associated coronary artery disease 

Cardiac index < 2.0 Limin/m? 

LVEDP > 12 mm Hg 

PAP 

Systolic > 50 mm Hg 

Mean > 30 mm Hg 








Late Death 





Patient age > 60 yr 

Functional Class IV 

Primary etiology: ischemic > myxomatous 
> rheumatic 


Associated coronary artery disease 
Predominant mitral regurgitation 
Cardiac index < 2.0 Limin/m? 
LVEDP > 12 mm Hg 





LVEDP = left ventricular end-diastolic pressure; PAP = pulmonary artery pressure. 
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Fig 7, Histogram comparison of preoperative and 
postoperative functional class of the 571 currently 
surviving patients. 


of both early and late postoperative survival, 
predominantly due to the poor prognosis of 
those patients whose mitral lesion represented a 
complication of coronary artery disease. An at- 
tempt was made to distinguish carefully be- 
tween mitral valve disease related etiologically 
to rheumatic or connective tissue disorders with 
or without associated coronary artery disease and 
primary ischemic mitral valve dysfunction. It is 
important to note, however, that mitral dysfunc- 
tion due to connective tissue disorders and is- 
chemic heart disease is manifested as mitral re- 
gurgitation rather than stenosis or mixed mitral 
lesions. Furthermore, mitral regurgitation in 
general is associated with significantly lower 
overall postoperative survival (see Fig 2). With 
this in mind, we found that early postoperative 
survival was markedly better in patients who 
had rheumatic or connective tissue disease 
compared with those who had primary ischemic 
mitral valve dysfunction. Correlation of the un- 
derlying cause of mitral disease with overall sur- 
vival was even more striking. Mitral regurgita- 
tion due to coronary artery disease was as- 
sociated with only a 32% five-year survival rate, 
compared with 54% for mitral dysfunction due 
to connective tissue disorders and 69% for le- 
sions of rheumatic origin. The five-year overall 
postoperative survival rate of 69% for patients 


with rheumatic valvular disease is comparable . 


to that reported in other series. Munoz and 
associates [23] noted a 60% five-year survi- 
val rate following mitral valve replacement in 
45 patients with rheumatic valvular disease, 


Levine and co-workers [17] a 63% five-year 
overall survival rate for 100 patients, and Kerth 
and colleagues [13] a 60% five-year postopera- 
tive survival rate for 188 patients. 

Survival statistics for patients who have 
undergone mitral valve replacement for de- 
generative changes secondary to connective tis- 
sue disorders are not generally available. How- 
ever, in a recent smaller series from this institu- 
tion, we reported a five-year overall survival rate 
of 50% for 66 patients who underwent mitral 
valve replacement for mitral regurgitation sec- 
ondary to myxomatous mitral valve disease [33]. 
This figure is virtually identical to that in the 
present report. 

The presence of documented occlusive coro- 
nary artery disease associated with mitral valve 
dysfunction proved to be one of the most signifi- 
cant adverse correlates of overall postoperative 
survival in this study. The deleterious effects of 
coexisting coronary artery disease have pre- 
viously been described [6, 19], and in several 
recent reports, early postoperative mortality 
rates for combined valve replacement and aor- 
tocoronary bypass grafting in patients with 
a variety of mitral lesions were similar to 
those for mitral valve replacement alone [3, 19, 
27]. It is necessary, however, to distinguish 
between coronary artery disease associated 
with nonischemic mitral valve dysfunction 
and primary ischemic mitral valve dysfunc- 
tion due to coronary disease. Although the aver- 
age follow-up period for our 29 patients who had 
combined mitral valve replacement and coro- 
nary bypass grafting is short (one year, com- 
pared to a seven-year average follow-up for 51 
patients with coexisting coronary artery disease 
who underwent isolated mitral valve replace- 
ment), statistical analysis of postoperative sur- 
vival revealed a significant overall improvement 
for those who underwent the combined opera- 
tion (p < 0.05). This evidence confirms that 
combined mitral valve replacement and aor- 
tocoronary bypass grafting for coronary artery 
disease associated with a nonischemic primary 
mitral lesion can be accomplished with no in- 
crease in operative mortality and probably en- 
hances postoperative survival. Nevertheless, in 
the group of 54 patients who underwent mitral 
valve replacement for mitral regurgitation of 
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primary ischemic origin, the overall survival 
was far lower than for any other etiological sub- 
group. The early operative mortality rate was 
18.5%, similar to other recently reported experi- 
ence [25]; comparable long-term survival statis- 
tics are not generally available. It is reasonable to 
expect that survival in such patients will be de- 
termined by the number of involved coronary 
arteries, severity of arterial lesions, quality of 
residual left ventricular function, associated 
valve lesions, and completeness of the opera- 
tion. The one-year overall mortality rate after 
mitral valve replacement in patients with pri- 
mary ischemic mitral dysfunction in our series 
was 51%, a figure three times that which charac- 
terizes patients who have valve disease originat- 
ing from rheumatic or connective tissue disor- 
ders. The survival curves for all three groups are 
generally parallel after the first postoperative 
year. 

We also attempted to evaluate the therapeutic 
effect of aortocoronary bypass grafting in pa- 
tients with ischemic mitral disease. We com- 
pared survival rates for 23 of the 54 patients who 
had ischemic disease and who underwent com- 
bined valve replacement and aortocoronary 
bypass grafting with those achieved by the 31 
patients who had primary ischemic disease and 
who underwent mitral valve replacement alone. 
There was no major difference in overall survival 
between these two groups. Such a demonstrable 
lack of benefit to survival of combined myocar- 
dial revascularization and mitral valve replace- 
ment for patients with ischemic mitral disease 
has been described by others [3, 10, 21, 27] 
and probably reflects the overriding patho- 
physiological importance of coronary artery 
disease in this subgroup of patients. It is 
noteworthy, however, that the greatest attrition 
in patients with ischemic mitral dysfunction oc- 
curs during the first several postoperative 
months and that slopes for survival curves 
thereafter generally parallel those associated 
with other etiological subgroups. This observa- 
tion most likely represents simply the operation 
of selective factors in patients who have more 
severe disease. 

The differences in overall survival attained by 
patients with different functional lesions of the 
mitral valve were also instructive. No major dif- 


ference was found between patients who Had 
predominant mitral stenosis and those who had 
mixed mitral lesions. Survival rates for both 
subgroups, however, were significantly supe- 
rior (p < 0.05) to that of patients with pre- 
dominant mitral regurgitation (see Fig 2). This 
remained true even after the 54 patients with 
ischemic mitral disease were omitted from the 
group statistics for patients with mitral regurgi- 
tation. One possible contributory factor in the 
lower overall survival of patients with mitral 
regurgitation may be that no distinction was 
made in our analysis between acute and chronic 
forms of this type of mitral dysfunction. Unlike 
mitral stenosis or mixed functional mitral le- 
sions that result almost exclusively from 
rheumatic valvulitis, mitral regurgitation may 
represent the functional consequence of a vari- 
ety of underlying etiological disorders in addi- 
tion to rheumatic valvular disease [16]. The 
natural history and associated effects on myo- 
cardial function of these various pathological | 
states, all of which are expressed functionally in 
mitral regurgitation, may be quite different. For 
example, our data indicate that patients with a 
primary etiological diagnosis of connective tis- 
sue disorder, all of whom had predominant mi- 
tral regurgitation, achieved a five-year overall 
survival rate of 54%. This is similar to the 57% 
five-year survival rate in patients with rheuma- 
tic mitral regurgitation but is significantly 
superior to the 32% overall five-year survival 


‘rate in subjects with ischemic mitral insuffi- 


ciency. 

Furthermore, the natural history of patients 
with mitral regurgitation as a predominant 
functional lesion is not well documented [15] 
because of the multiplicity of pathogenetic 
mechanisms that may produce this lesion. 
Rapaport [30] reported five- and ten-year survi- 
val rates of 80 and 60%, respectively, in 70 pa- 
tients with medically treated pure mitral insuffi- 
ciency. Direct comparison with such data, how- 
ever, is not possible because the degree of 
functional disability and etiological mecha- 
nisms of mitral regurgitation were not provided. 
Both experimental and clinical evidence 
suggests that important hemodynamic abnor- 
malities out of proportion with clinical disability 
may exist for both acute and chronic forms of 
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mitral valve incompetence [4, 30, 36]. Thus in 
many patients the relatively slow progression of 
clinical symptoms may result in delay of surgical 
intervention until advanced and irreversible left 
ventricular functional deterioration is present. 
This feature in the natural history of mitral re- 
gurgitation may be a major factor contributing to 
the significantly lower overall survival following 
mitral valve replacement in this diverse group of 
patients. Thus, it would seem desirable that the 
natural history and postoperative results in pa- 
tients with mitral regurgitation be considered 
individually for each of the multiple causes of 
this functional disorder. 

Overall postoperative survival rates for pa- 
tients with predominant mitral stenosis in our 
series were similar to those reported in several 
recent reviews [23, 31] that confirm improved 
long-term survival for operatively treated pa- 
tients with severe functional disability (Class ITI 
or IV). Rapaport [30] reported 67 and 33% five- 
and ten-year survival rates in 102 patients whose 
combined mitral stenosis and insufficiency were 
treated medically. Although functional class dis- 
tribution in these patients was not provided in 
sufficient detail for comparative analysis, these 
survival rates are lower than those in our series 
(75% at five years and 45% at ten years). Thus, 
fair evidence exists for improved long-term sur- 
vival after mitral valve replacement for any of the 
three functional lesions (stenosis, mixed, regur- 
gitation) compared with the results of medically 
treated series, particularly for patients with ad- 
vanced functional disability. 

Finally, evaluation of the long-term sympto- 
matic benefits following mitral valve replace- 
ment must be considered. Whereas 88% of the 
571 currently surviving patients were in 
Functional Class III or IV preoperatively, more 
than 90% of these same patients are presently in 
Class I or II (see Fig 7). Continued refinement of 
operative techniques and prosthetic valve de- 
sign should result in improvement of both sur- 
vival and rehabilitation. Perhaps more impor- 
tantly, however, the recognition of significant 
correlates of postoperative survival and 
functional improvement, and thus better defini- 
tion of the proper timing of operative interven- 
tion, should serve to enhance the results of mi- 
tral valve replacement. 
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Discussion 

DR. DONALD A, BARNHORST (Kansas City, KA): While 
at the Mayo Clinic, I reported on our eleven-year 
review of mitral valve replacement. My comments 
here will refer only to patients undergoing isolated 
mitral valve replacement. The fact that most of these 
patients underwent operation prior to the availability 


` of coronary arteriography and coronary artery revas- 


cularization dictated that we really assess clinical 
variables affecting perioperative and late survival 
rather than just left ventricular function and pulmo- 
nary artery pressure, among others, as used by Dr. 
Salomon. Our actuarial survival over the ten years is 
quite similar to that shown by Dr. Salomon. Five-year 
survival was approximately 70% and ten-year survi- 
val, around 50%. 

Among the clinical variables we investigated, three 
were associated with late mortality. Age at operation 
has also been identified by Dr. Salomon. Second, we 
believe that left atrial size reflects chronicity of the 
disease and perhaps is a clinical correlate of the more 
precise variables discussed by Dr. Salomon. Finally, 
there was involvement of more than one valve. This — 
included patients who had associated tricuspid or 
aortic valve disease considered by the surgeon at the 
time of mitral replacement to be too minor to warrant 
replacement or repair of that valve. 

Preoperative functional class was closely correlated 
with early operative death, but curiously, as con- 
trasted with Dr. Salomon’s data, it was not associated 
with late mortality. Similarly, the dominant mitral 
lesion was not associated with late mortality. How- 
ever, patient age at operation and large left atrium.did 
correlate with poorer survival. When the two lesions 
just mentioned, patient age older than 50 years, anda 
large left atrium were combined, there was only a 40% 
likelihood of survival for five years. : 

In general, our data support those reported by Dr. 
Salomon and strongly support the use of adjunctive 
procedures, not only to repair all major valve abnor- 
malities when found, but also to graft coronary ar- 
teries when those abnormalities are identified 
preoperatively. l 
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Introducing the first thrombolytic agent 
for objectively diagnosed deep venous thrombi 
and acute massive pulmonary emboli. 


Hoechst-Roussel Pharmaceuticals Inc. 


Announces 


reptase 


(streptokinase) IV. 


Now... anew alternative to surgery... 





e avoids the risks associated with thrombectomy. 


e reduces the need for high-risk pulmonary 
embolectomy. 


Artist’s conception of thrombolysis. 





o lyse venous thrombi and 
ulmonary emboli—intrave- 


ous Streptase’ (streptokinase). 


nticoagulant therapy is given 
»llowing Streptase to prevent 
2thrombosis. 


' Now physicians have available a 


edical therapy for the early clearance 
deep venous thrombi that is prefer- 
le to thrombectomy because it may 
‘eserve valvular function and avoid 
ironic stasis, although long-term bene- 
s have not been established. And 
‘ute massive pulmonary emboli may 

> cleared without high-risk embolec- 
my. 


„unique mode of action 

New Streptase is the highly puri- 
ad form of streptokinase, a bacterial 
rotein derived from B-hemolytic strep- 
icocci. It combines with plasminogen 
‘form an activator complex that con- 
rts residual plasminogen into the 
‘oteolytic enzyme plasmin. Plasmin 
/drolyzes fibrin into polypeptides. 
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patients with venous thrombosis 
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In comparative controlled studies 
78 patients with venous thrombosis, 
reptase produced complete or sig- 


nificant clearing of the thrombosis in 
54% of patients while only 7% on 
conventional heparin therapy showed 
similar results. 


In patients with pulmonary embolism 





In studies of 124 patients with pul- 
monary embolism, complete or signifi- 
cant clearing was seen in 66% of the 
patients on Streptase but in only 11% 
of the heparin-treated patients. 


Table | 
Comparative angiographic results during 
controlled investigations* 











Venous Thrombosis Pulmonary Embolism 

Results Streptase Heparin Streptase Heparin 
(37 patients) | (41 patients) | (36 patients) | (88 patients) 

Complete j F Fa 
clearing 22% 5% 22% 5% 
Significant, 
but incomplete, 32% 2% 44% 6% 
clearing 
Minimal 21% 20% 20% 43% 
clearing > $ i g 
No change 22% 66% 14% 35% 
Worse 3% 7% 0% 11% 

















In most cases, clearance was achieved in 72 hours or less. 


For best results, Streptase should be used within 2 weeks 
after onset of venous thrombosis symptoms and within 5 days 
after onset of pulmonary embolism symptoms. Please see 
last page of this advertisement for a brief summary of pre- 
scribing information. 


*Data on file and available on request from Hoechst-Roussel 





Pharmaceuticals Incorporated. Pulmonary embolism data 
include those taken from National Heart and Lung Institute 
study. 





Thrombosis and thrombolysis 
information available 


Wher considering the use 
of Streptase (streptokinase), 
comprehensive knowledge of 
prescribing information and 
strict observance of the contra- 
indications, warnings, precau- 
tions, and dosage and adminis- 
tration instructions are most im- 
portant to minimize the incidence 
and severity of adverse reac- 
tions, the most significant and 
frequent being fever, allergy 
and bleeding. Use of Streptase 
requires an interdisciplinary 
effort and therefore should be 
reserved for those hospitals with 
facilities for angiography, co- 
agulation testing and volumetric 
or syringe pump administration 
of Streptase intravenously. 

Hoechst-Roussel has pre- 
pared a comprehensive educa- 
tional program on thrombosis 
and thrombolysis that includes 
two films, associated mono- 
graphs, dosage and administra- 
tion guidelines and a Speakers 
Bureau of physicians experi- 
enced in the use of thrombolytic 
therapy. 

For information, interested 
physicians may contact Scientific 
Services, Room 236, Building M, 
Hoechst-Roussel Pharmaceuticals 
Inc., Somerville, New Jersey 
08876, (201) 685-2611, or the 
local Hoechst-Roussel Sales Rep- 
resentative. 

For a complete list of indi- 
cations, contraindications, warn- 
ings, precautions, adverse re- 
actions and dosage information, 
please refer to the full prescrib- 
ing information for Streptase, 

a summary of which appears on 
the following page. 
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PHARMACEUTICALS INCORPORATED 
SOMERVILLE, NEW JERSEY 08876 





Streptase’ 


(streptokinase) IV 


Brief Summary of the 
Prescribing Information 


Streptase® (streptokinase) should only be used 
by physicians with wide experience in the 
management of thrombotic disease in hospi- 
tals where the recommended clinical and lab- 
oratory monitoring can be performed. The full 
prescribing information should be read for 
complete details. 

When considering treatment with Streptase” 
(streptokinase) the overall clinical status and 
history of the patient should be carefully as- 
sessed. The hemostatic capability of the pa- 
tient is more profoundly altered and bleeding 
more frequent with Streptase® (streptokinase) 
therapy than with heparin or oral coumarin 
compound anticoagulant therapy. When bleed- 
ing occurs it is also more severe and more dif- 
ficult to manage. The potential risk of serious 
hemorrhage relative to such factors as age, 
physical condition, and underlying bleeding 
tendency of the patient should be weighed 
against the potential benefits of treating the 
patient with Streptase® (streptokinase). 


Indications 


Pulmonary Embolism: Streptase® (strep- 
tokinase) is indicated in adults for the lysis of 
acute massive pulmonary emboli, defined as 
obstruction or significant filling defects involving 
two or more lobar pulmonary arteries or an 
equivalent amount of emboli in other vessels. 
It may also be indicated for embolization 
accompanied by unstable hemodynamics. The 
diagnosis should be confirmed by objective 
means. Streptase® (streptokinase) treatment 
should be instituted as soon as possible after 
onset of symptoms and no later than five days 
after onset. Reduction of morbidity or mortality 
has not been established. 


Deep Vein Thrombosis: Streptase® (strepto- 
kinase) is indicated for lysis of acute, extensive 
thrombi of the deep veins in adults. Diagnosis 
should be confirmed by objective methods. 

Streptase® (streptokinase) should be adminis- 
tered as soon as possible after the onset of the 
thrombotic event (preferably within several 
days), although slight enhancement of clot lysis 
has been shown with initiation of therapy up to 
two weeks after the onset of symptoms. 


Contraindications 

Predisposition to Bleeding: Because thrombolyt- 
ic therapy increases the risk of bleeding, Strep- 
tase® (streptokinase) is contraindicated when 
the following conditions exist: surgery within 10 
days, liver or kidney biopsy within 10 days, 
intraarterial diagnostic procedure within 10 
days, ulcerative wound, recent trauma, visceral 
carcinoma, parturition (within 10 days), ulcera- 
tive colitis or diverticulitis, hypertension, liver or 
kidney disease, thrombocytopenia or other evi- 
dence of defective hemostasis, active tuber- 
culosis, subacute bacterial endocarditis, gas- 
trointestinal bleeding within 6 months. 


Predisposition to Allergy: Streptase” (strep- 
tokinase) is contraindicated in patients with a 
history of a previous severe allergic reaction to 
Streptase® (streptokinase) or who present a 
significant risk of an allergic response. 


Recent Cerebral Embolism, Thrombosis, or 
Hemorrhage: Treatment with Streptase” (strep- 
tokinase) is contraindicated for at least two 


Predisposition to Systemic Infection: Use of 
Streptase® (streptokinase) in septic throm- 
bophlebitis may be hazardous because of the 
risk of inducing systemic infection. 

Warnings 


Bleeding: Activation of the fibrinolytic system 
with Streptase® (streptokinase) results in a 
more profound alteration of the hemostatic 
status of the patient than does anticoagulant 
therapy. Although the aim of Streptase® 
(streptokinase) therapy is the production of 
sufficient amounts of plasmin for lysis of 
intravascular deposits of fibrin, other fibrin 
deposits are also destined for lysis and bleed- 
ing may result. The possibility of bruising or 
hematoma formation especially with 
intramuscular injections is high. 

Bleeding at sites of recent invasive proce- 
dures may occur. Should an arterial puncture 
be absolutely necessary, the femoral artery 
must be avoided and the radial or brachial ar- 
tery used. Also, invasive venous procedures 
should be performed as carefully and in- 
frequently as possible. If the bleeding from an 
invasive site is not serious, treatment may be 
continued with appropriate clinical observations. 

Spontaneous bleeding from internal sites may 
also occur. 

Should serious spontaneous bleeding occur, 
the infusion of Streptase® (streptokinase) 
should be terminated immediately. 

In addition to its fibrinolytic action, plasmin 
also degrades fibrinogen, Factor V, Factor VIII, 
and other proteins. These products possess an 
anticoagulant effect and should be monitored 
by serial thrombin time determinations. 


Predisposition to Cerebral Embolism: Treatment 
with Streptase® (streptokinase) of patients with 
conditions in which there is possible risk of 
cerebral embolism may be hazardous because 
of the risk of bleeding into the infarcted area. 


Allergy: Streptase® (streptokinase) is antigenic, 
thus, allergic reactions including anaphylaxis 
may occur. 

Recipients of Streptase” (streptokinase) 
should be observed carefully during the first few 
hours of therapy. Patients with known allergies 
to other antigens are more likely to react. If sig- 
nificant changes in blood pressure or asthmatic 
symptoms occur which might be due to allergy, 
the infusion should be terminated and symp- 
tomatic treatment employed. 

Other mild allergic manifestations have also 
been observed but generally are not serious 
enough to require discontinuation of therapy. 


Use of Anticoagulants: Concurrent use of an- 
ticoagulants with Streptase® (streptokinase) is 
not recommended and may be hazardous. A 
thrombin time of less than twice the normal 
control value is adequate for starting Streptase® 
(streptokinase) infusions safely following the use 
of heparin. Heparin should not be started fol- 
lowing Streptase® (streptokinase) therapy until 
the thrombin time has returned to less than 
twice the normal control value. 

In order to minimize rethrombosis, the use of 
intravenous heparin followed by oral anticoagu- 
lant therapy is considered a necessary adjunct 
following Streptase® (streptokinase) therapy. 


Use in Pregnancy and in Children: Streptase® 
(streptokinase) therapy during pregnancy and in 
children is not recommended. 


Precautions 

If the patient's history gives rise to suspicion of 
elevated resistance, the streptokinase resistance 
test should be used to determine the proper 
loading dose. When resistance levels in excess 


tokinase) should not be administered. 
Streptase® (streptokinase) infusions have 

been associated with altered platelet function. 

Concurrent use of drugs that may potentiate 

this effect should be avoided. 

Adverse Reactions 

Incidence and Management 


Bleeding: Severe spontaneous bleeding has 
been documented in 6 of 292 patients during 
Streptase® (streptokinase) treatment. Several 
fatalities due to cerebral hemorrhage have oc- 
curred during Streptase® (streptokinase) 
therapy. Less severe spontaneous bleeding ha 
been observed during Streptase® (strepto- 
kinase) treatment at approximately twice the 
frequency as that occurring during heparin 
therapy. In several instances, spontaneous 
bleeding has been traced to concomitant an- 
ticoagulant treatment which is not recom- 
mended. 

Management of Severe Bleeding: Streptase® 
(streptokinase) therapy must be discontinued. 
very rapid reversal of the fibrinolytic state is re 
quired, treatment with aminocaproic acid 
(EACA) can be instituted. 

Plasma volume expanders are indicated to 
replace blood volume deficit. If blood loss has 
been large, Red Blood Cells (Human) may als 
be indicated. If only Whole Blood (Human) is 
available, it may also be used. 


Allergic Reaction 


Incidence: Reactions determined to represent 
possible anaphylaxis have been observed in 7 
of 292 patients treated with Streptase® (strep- 
tokinase). These ranged in severity from mino 
breathing difficulty to bronchospasm, periorbi 
swelling, or angioneurotic edema. Other milde 
allergic effects have been observed in approx 
imately 12% of patients. There was no appare 
relationship to dosage. 

Management of Allergic Reactions: Mild and 
moderate reactions may be managed with cor 
comitant antihistamine and/or corticosteroid 
therapy. Severe allergic reactions require im- 
mediate discontinuation of Streptase® (strep- 
tokinase), with corticosteroids administered 
intravenously as required. 


Fever 


Incidence: One-third of patients treated with 
Streptase® (streptokinase) have shown in- 
creases in body temperature of 1.5°F or more; 
the incidence of fever=104°F was 3.4%. 
Management: Symptomatic treatment is usua 
sufficient to alleviate discomfort. The use of 
acetaminophen rather than aspirin is recom- 
mended. 


Phiebitis: Phlebitis near the site of intravenou: 
infusion of Streptase® (streptokinase) has oc- 
curred in less than 2% of patients. 
How Supplied 
Streptase® (streptokinase) is supplied as a 
lyophilized white powder in 6.5 ml vials (in 
packages of 10) with color-coded labels corre 
sponding to the amount of purified Streptase' 
(streptokinase) in each vial as follows: 100,0C 
IU (yellow), 250,000 IU (green), 750,000 IU (t 
In each vial there is a 20% overfill above tr 
stated on the label. Each vial also contains 
25 mg cross-linked gelatin polypeptides and 
25 mg sodium L-glutamate as stabilizers. 
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The Terminal Pathway 


of the Lymphatic System of the Human Heart 


Mario Feola, M.D., Robert Merklin, M.D., Sung Cho, M.D., 


and Stanley K. Brockman, M.D. 


ABSTRACT Anatomical dissections in 9 human 
cadavers revealed the terminal pathway of the lym- 
phatic system of the left ventricle to be constituted 
mainly by channels emptying into the right angulus 
venosus (junction of the internal jugular and subcla- 
vian veins) at the base of the right side of the neck. 
This observation has clinical implications because it 
has been shown that a sampling of cardiac lymph 
provides the best method for analyzing myocardial 
metabolic abnormalities and that drainage of cardiac 
lymph alleviates the myocardial changes produced 
by ischemic injury. 


Results of experimental studies in dogs have 
suggested an important role for the cardiac lym- 
phatic system in a variety of conditions [5, 6, 
10-13, 15]. Cardiac lymph has been found to be 
more sensitive than blood in reflecting the tissue 
changes that occur during acute myocardial 
ischemia [4]. Lymph drainage may alleviate the 
severity of ischemic injury [5], presumably by 
reducing interstitial edema and removing prod- 
ucts of anaerobic metabolism, lysosomal en- 
zymes, and other potentially toxic humoral fac- 
tors. Because these experimental observations 
carry clinical implications, it appeared impor- 
tant to determine whether the lymphatic system 
of the human heart is accessible outside the 
chest without a major surgical procedure. 

A review of the literature provided an abun- 
dance of information on the cardiac lymphatic 
system of various animal species, particularly 
that of the dog, but scanty information about the 
human heart. These studies have been confined, 
primarily to intracardiac lymphatic distribution 
and drainage. The question of the terminal route 
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of the cardiac lymph has been answered only in 
the sense that “a great variability exists in the 
outflow paths” [10, 17]. Therefore human ca- 
davers were anatomically dissected, and the 
lymphatic system was studied from the level of 
the epicardial plexus to the veins in the neck. 


Materials and Methods 


The frozen-thawed cadavers of 1 child and 8 
adults were dissected. The anterior thoracic wall 
was removed. The thymic veins were ligated 
close to the left innominate vein, and the thymus 
was excised. To isolate the right from the left 
major venous systems, the left innominate vein 
was isolated and divided between ligatures in 
its midportion. The right and left angulus ven- 
osus, each formed by the junction of the internal 
jugular vein with the homolateral subclavian 
vein, were exposed. To facilitate dissection, the 
inferior thyroid vein on each side was divided 
between ligatures. The anterior portion of the 
pericardial sac was excised. The subepicardial 
lymphatic plexus was visualized by means of 
intramyocardial injection of 5 ml of T-1824 dye 
(Evans blue) mixed with an equal amount of 
hydrogen peroxide, using a 27-gauge lymphan- 
giography cannula attached to a Harvard pump. 
Injections were made over a period of 30 min- 
utes in the anterior, obtuse marginal, and poste- 
rior portions of the left ventricular wall. Progres- 
sion of the dye for visualizing the supracardiac 
pathways was aided by massaging the heart 
during the course of injection. After 30 minutes 
the heart was excised, leaving the posterior wall 
of the left atrium in situ. The mediastinal lymph 
nodes, stained blue, were dissected and the ef- 
ferent channels followed up to their terminal por- 
tion. The right lymphatic duct and the thoracic 
duct were visualized and each dissected up to its 
entrance into the corresponding angulus ven- 
osus. Diagrams of the anatomical pathways 
were immediately made. 
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Results 


The lymphatic channels that were visualized fol- 
lowing the intramyocardial injection of dye 
formed a subepicardial plexus that tended to 
cover the surface of the left ventricle within the 
area delineated by the atrioventricular sulcus 
and the anterior and posterior interventricular 
sulci. The collecting trunks originating from this 
plexus followed the course of the coronary arte- 
rial system. The anterior interventricular trunk 
followed the course of the left anterior descend- 
ing coronary artery, the obtuse marginal trunk 
coursed along the obtuse marginal branch of the 
circumflex artery, and the posterior interven- 
tricular trunk followed the course of the pos- 
terior descending artery. When the posterior 
descending artery originated from the right 
coronary artery (dominant right coronary dis- 
tribution), the posterior interventricular trunk 
emptied into the right coronary channel in 5 
of 9 cadavers. When the posterior descending 
artery originated from the circumflex artery 
(dominant left coronary distribution), the poste- 
rior interventricular trunk emptied into the left 
coronary channel. The right and left coronary 
channels converged toward the root of the aorta, 
where they formed one main supracardiac chan- 
nel in 7 of 9 cadavers, whereas they remained 
separate in 2. This channel crossed behind the 
pulmonary artery, in front of the trachea, toward 
a cardiac lymph node located in the space be- 
tween the superior vena cava and the 
brachiocephalic artery. The efferent channels 
from this node followed a cephalad route, emp- 
tying into either the right lymphatic duct or di- 
rectly into the right angulus venosus. In all 
cases, cannulation of the right lymphatic duct 
recovered stained fluid. In addition to the right 
lymphatic duct, the thoracic duct was found to 
be stained with dye in only 1 of 9 cadavers. In 
this 1 instance, the posterior interventricular 
trunk emptied into the right coronary channel, 
which remained separate from the left and ran 
toward the left angulus venosus. 

Two main anatomical patterns were iden- 
tified. In pattern 1 (7 of 9 cadavers), the right and 
left coronary channels joined to form one main 
supracardiac channel that ascended toward the 
right lymphatic duct, which entered the right 
angulus venosus. Two varieties were recog- 


nized, depending on whether the posterior ih- 
terventricular trunk emptied into the right or the 
left coronary channel (Fig 1). 

In pattern 2 (2 of 9 cadavers) the right and left 
coronary channels remained separate. These 
two channels ascended toward the right lym- 
phatic duct in 1 instance (Fig 2A), whereas they 
crossed in the other, with the right emptying 
into the thoracic duct which terminated in the 
left angulus venosus (Fig 2B). Thus the right 
lymphatic duct was the main terminal pathway, 
although not the exclusive one, for the lympha- 
tic system of the left ventricle. The typical ap- 
pearance of this duct following injection of dye 
into the left ventricle is shown in Figure 3. 


Comment 


The purposes of this study were to define more 
fully the anatomical pathways of the lymphatics 
of the human heart and to determine whether 
operative access to the cardiac lymphatic system 
could be gained in humans without entering the 
chest. The rationale was two-fold: (1) access to 
cardiac lymph might provide a new avenue of 
investigation in the study of a variety of condi- 
tions affecting the heart; and (2) lymph drainage 
in the presence of myocardial edema might re- 
duce myocardial injury. 

Textbooks of human anatomy provide scanty 
information about the lymphatics of the heart 
and none about their terminal pathway. Yet the 
existence of a rich lymphatic plexus in the heart 
has been known for more than 300 years. In 1665 
Rudbeck [19] observed and described cardiac 
lymphatics in the dog. Studies abounded during 
the following two centuries, when descriptive 
anatomy flourished. William Hunter [7] injected 
mercury into subepicardial lymphatics of dogs, 
and some of these original heart specimens are 
still preserved in the Hunterian Museum of the 
University of Glasgow [2]. In 1889 Ranvier [18] 
stated that “the mammalian heart can be consid- 
ered as a lymph sponge, the same as the heart of 
the frog is a blood sponge.” In 1924 Aagard [1] 
presented a detailed study of the cardiac lym- 
phatic system in man. He described the sub- 
epicardial plexus and traced its drainage to the 
mediastinal lymph nodes. He made no mention, 
however, of the terminal pathway into the ve- 
nous system. In 1928 Kampmeier [9] injected 
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Fig 1. (A) In the anatomical pattern seen in 3 of 9 
cadavers, the posterior interventricular trunk (PVT) 
empties into the right coronary channel (RCC); the 
anterior interventricular trunk (AVT) joins the 
obtuse marginal trunk (OMT) to form the left 
coronary channel (LCC); the right and left coronary 
channels join into one main supracardiac channel 
(MSC), which drains into the cardiac lymph node 
(CLN) situated between the superior vena cava and 
the brachiocephalic artery. The efferents of this 
node converge into the right lymphatic duct (RLD), 
which empties into the right angulus venosus 

formed by the junction of the right subclavian vein 
(Sel V) and the internal jugular vein (IJV). (B) In 4 
of 9 cadavers, the posterior interventricular trunk 
emptied into the left coronary channel, which joins 
the right in a cephalad course toward the right 
lymphatic duct. 





B 


Fig 2. (A) In this anatomical pattern (1 of 9 
cadavers), the posterior interventricular trunk 
empties into the right coronary channel, which 
remains separate from the left coronary channel. 
However, the main supracardiac channels run 
cephalad toward the right angulus venosus. (B) In 1 
of 9 cadavers, the right and left coronary channels 
remained separate and the right emptied into the left 
thoracic duct. (Abbreviations same as in Fig 1.) 
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Fig 3. Anatomical dissection of a frozen-thawed 

adult cadaver. The right lymphatic duct enters the 
right angulus venosus (junction of the internal 

jugular and left subclavian vein, arrows). A ligature 
retracts the superior vena cava to expose the cardiac 
lymph node, which is visible in the space between 

the superior vena cava and the aorta (single arrow, 
right). 


human embryos and fetuses with vital dye. He 
found that the cardiac lymphatics derive from 
two plexuses. One, arising as a branch from the 
upper thoracic duct near the left jugular lymph 
sac, extends down into the groove between the 
pulmonary artery and the aorta and grows along 
the right coronary artery into the right ventricle. 
The other, which is more important, grows from 
the right jugular sac, forms the pretracheal 
plexus, and extends along the left coronary ar- 
tery into the left ventricle. If this is the embryol- 
ogy, it would be reasonable to expect the 2 pri- 
mary lymphatic extensions into the embryonic 
heart to remain as definitive efferent channels of 
the adult organ. With this arrangement, the 
lymph of the left ventricle would drain toward 
the right angulus venosus, while the lymph of 
the right ventricle would drain toward the left. 
In the present study, however, it was found that 
the right and left coronary lymphatic channels 
join together into one main supracardiac lym- 
phatic channel in the majority of cases (7 of 9 
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cadavers). Thus cannulation of a terminal lymph 
channel in the area of the right angulus venosus 
would drain lymph deriving from both the right 
and left ventricles in the majority of cases, only 
from the left in some, and never from the right 
ventricle alone. 

Until recently, no one could define any special 
role of the cardiac lymphatic system. In 1954 
Foldi and associates [6] reported that mechanical 
insufficiency produced by ligation of the effer- 
ent lymphatics in dogs would cause interstitial 
myocardial edema and, in some cases, dissemi- 
nated focal necrosis. Although this observation 
did not seem to bear any relevance to human 
disease states it did suggest that lymph flow is of 
great importance for the heart. Miller and col- 
leagues [15] and Kline and co-workers [11] ob- 
served that ligation of the cardiac collecting 
lymph channels in dogs produced chronic 
changes resembling fibroelastosis. These 
changes were partially confirmed by Symbas 
and co-workers [21]. Dilatation of the cardiac 
lymphatics, suggestive of impaired lymph 
drainage, was found in 2 patients who died of 
this disease [13]. Thus a new theory on the 
pathogenesis of myocardial fibroelastosis was 
proposed. 

In other studies, Kline and associates [14] 
found that cardiac lymphatic obstruction aggra- 
vated myocardial necrosis following coronary 
artery ligation in dogs. Furthermore, intramyo- 
cardial injections of autologous blood in the 
presence of chronic impairment of lymph drain- 
age produced much larger scars than in corre- 
sponding control animals [12]. These studies 
suggest that the lymphatic system plays an impor- 
tant role in reducing tissue damage and in 
facilitating reparative processes within the 
myocardium. 

Miller and associates [16] found that dogs with 
impaired cardiac lymph drainage are more 
prone to develop acute endocarditis and 
myocarditis following intravenous injection of 
staphylococci than are dogs with normal lym- 
phatics. While this observation does not indi- 
cate impairment of lymph drainage in en- 
domyocarditis, it does suggest that lymph stasis 
interferes with the local defensive mechanisms 
in the heart. 

Feola and associates [5] found that an interre- 
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lattonship can be established between acute 
myocardial ischemia and lymph production and 
drainage. Following ligation of the circumflex 
artery in dogs [4], an increase in lymph produc- 
tion occurred, with changes in composition 
characterized by increases in protein content, 
hydrogen and potassium ion concentration, lac- 
tate, and lysosomal enzymes. Another study [3] 
showed that the transit time of vital dye is pro- 
longed when injected into an area of acute is- 
chemia compared to normal areas, suggesting a 
state of insufficient lymph drainage. In prelimi- 
nary studies [5], external drainage of cardiac 
lymph was found to diminish the severity of 
ischemic changes produced by coronary liga- 
tion. 

The experimental studies have suggested that 
the cardiac lymphatic system might play a role in 
the pathophysiology of a variety of conditions. 
This role has not, thus far, been investigated in 
the human, probably because the system has 
been considered inaccessible. The present study 
provides evidence, although limited, that 
lymph from the left ventricle tends to drain into 
the right angulus venosus. To establish the rele- 
vance of this observation, additional questions 
remain to be answered. How would the terminal 
lymphatic system be visualized in the living 
state? Would cannulation of one of these termi- 
nal vessels obtain cardiac lymph, undiluted by 
pulmonary and mediastinal lymph? Could myo- 
cardial edema be relieved by drainage of the 
terminal ducts? 

To answer these questions, experiments were 
again conducted in dogs. Although this study 
will be reported separately, it is sufficient to 
say here that visualization of the entire lympha- 
tic system of the heart can be achieved by the 
endocardial route, using an intracavitary cathe- 
ter capable of injecting a small amount of vital 
dye into the myocardial wall. With the aid of 
magnification, one of the visualized lymph 
channels can be cannulated before the right 
lymphatic duct or one of the neck veins is en- 
tered. This lymph is a sensitive indicator of 
myocardial ischemic injury, as its creatine 
phosphokinase enzyme activity rises above the 
plasma level within one hour of ischemia. De- 
termination of myocardial water content by 
weight differential of wet/dry tissue shows a 


lesser degree of edema in the ischemic myocar- 
dium of animals subjected to external drainage 
of all dye-stained terminal lymphatics. 

This study indicates that access to the lymph 
of the left ventricle and decompression of the 
cardiac lymphatic system could be obtained in 
humans by cannulation of the terminal lympha- 
tic channels at the base of the right side of the 
neck, in the area of junction of the internal jugu- 
lar and subclavian veins. 
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Left Ventricular Approach 


to Multiple Ventricular Septal Defects 


C. Zavanella, M.D., H. Matsuda, M.D., F. Jara, M.D., 


and S. Subramanian, M.D. 


ABSTRACT Multiple muscular ventricular septal 
defects were closed through an apical left ven- 
triculotomy in 11 patients. The patients were divided 
into two groups: Group 1, 8 patients who had trans- 
position of the great arteries, and group 2, 3 patients 
without transposition. There were 4 deaths in Group 
1 and none in Group 2. Two of the deaths were caused 
by a hypoplastic right ventricle, 1 by airway ob- 
struction, and 1 by heart failure and pulmonary 
edema in a patient who had additional unrecognized 
muscular defects. 

An apical left ventriculotomy provides excellent 
exposure of the septum. The field is not obscured by 
trabecular bands or papillary muscles. Although 1 
patient died because of residual VSDs, this approach, 
compared with previously described methods, 
minimizes the risk of unrecognized defects. 


In choosing the optimal route for closure of a 
ventricular septal defect (VSD), the surgeon has 
to consider those that provide the best exposure 
with the least damage to the heart. Currently, 
the transatrial approach is the method of choice 
in the absence of right ventricular outflow 
obstruction, whereas the transpulmonary route 
gives an excellent view of a supracristal VSD.* 
Both exposures are inadequate for defects in the 
muscular part of the septum, however. These 


“The transatrial approach is our own preference, but a sub- 
stantial number of pediatric cardiac surgeons today would 
also approach the isolated ventricular defect through the 
atrium when possible. The theoretical advantages are self- 
evident, but some of our speculations such as avoidance of 
right bundle-branch block have not been confirmed. There is 
a strong feeling in Europe currently that the presence of a 
large VSD is an indication for ventriculotomy. We have 
found this to be unnecessary, however, and have not done a 
right ventriculotomy for isolated ventricular defect in either 
infants or older children for the last five years. 


From the Department of Cardiovascular Surgery, Children’s 
Hospital, Buffalo, NY. 
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VSDs are usually inaccessible through the 
tricuspid valve, and when viewed from the right 
ventricle, their exact location and number are 
difficult to ascertain because of trabecular 
bands. 

A left ventriculotomy [1, 2, 6] allows for pre- 
cise evaluation and easy access to these defects. 
Due to their branching nature, defects viewed as 
multiple from the right ventricle may appear as 
only one or two well-defined holes from the 
smooth surface of the left ventricular aspect of 
the septum [3]. This report presents our current 
approach to multiple muscular VSDs. 


Experimental Observations 


To assess the approach that would produce the 
least damage to the left ventricle, two incisions 
were made in swine hearts: (1) parallel to the 
left anterior descending coronary artery (LAD) 
(Fig 1A); and (2), as suggested by Kirklin [5], 
parallel to the marginal branches of the cir- 
cumflex coronary artery (Fig 1B). After the inci- 
sion was made, 10% sodium fluorescein was 
injected in both the LAD and circumflex arteries. 
The heart was then inspected with ultraviolet 
light, under which areas deprived of circulation 
appear dark, whereas the perfused areas of the 
heart are fluorescent [7]. 

The incision parallel to the LAD provides an 
excellent view of the lower left ventricular sep- 
tum. The incision was started in the apex of the 
left ventricle, 0.5 cm from the LAD, and was 
carried out in the anterior and posterior walls in 
an area free of visible arteries. When viewed 
under ultraviolet light, the area between the in- 
cision and the LAD did not fluoresce, indicati ng 
a devascularized myocardium. 

After the incision was made parallel to the 
marginal branches of the circumflex coronary 
artery, the right ventricle and the septum were 
excised and the left ventricle was viewed from 
the septal aspect (Fig 2). This incision lies exactly 
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Fig 1. (A) Anterior view of the heart. The incision 
runs parallel to the left anterior descending coronary 
artery. (B) Posterior view of the heart, with the 
incision parallel to the obtuse marginal branch of the 
circumflex artery. 


in front of the septum, between the papillary 
muscles, and offers a good view of the septum. 
Depending on the anatomy of the papillary mus- 
cles, however, the incision can cut across their 
bases and produce severe dysfunction. Fur- 
thermore, there are no external landmarks to aid 
in making this incision, and it is possible to cut 
through one of the papillary muscles. Under ul- 
traviolet light there is a lack of fluorescence in 
the body of both muscles, and depending on the 
extent of the incision, circulation to their bases 
can be impaired. 


Clinical Material and Methods 


Eleven patients with muscular VSD were oper- 
ated on through a left ventriculotomy for closure 
of the defect. Patients were divided into two 
groups: Group 1, those who had transposition of 
the great arteries (TGA), and Group 2, those 


B 


without transposition. The age range of the 8 
patients in Group 1 was 9 months to 7 years; that 
of the 3 Group 2 patients was 3 to 6 years. 


Group 1 
Details on these 8 patients are presented in Table 
1. All had p-TGA. Two had pulmonary stenosis, 
either valvular or infundibular. Four patients 
had had previous banding of the pulmonary ar- 
tery five days to two months after birth. In 3 
patients an atrial septectomy was performed at 
the time of banding. The fourth patient under- 
went a Blalock-Taussig shunt. Three patients 
had other VSDs in addition to the muscular type. 
In 1, the defect was of the canal type. Defects in 
the other 2 were in the conoventricular septum. 
Following a Mustard procedure to correct the 
TGA, the left ventricle was opened through a 
small incision at the apex parallel to the LAD. In 
2 patients the defects were closed with a single 
stitch reinforced with a Teflon pledget. In the 
other 6 patients the defects were closed with a 
Dacron-velour patch using a continuous 4-0 Pro- 
lene suture (Fig 3). The incision in the left ventri- 
cle was closed with a mattress suture over Teflon 
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Fig 2. Left ventriculotomy seen from the septal 
aspect of the left ventricle. The right ventricle and 
interventricular septum have been excised. This 
incision lies between the papillary muscles of the 
mitral valve (arrows). 


strips. The conoventricular septum and canal 
defects were closed through the tricuspid valve. 
In 4 patients the pulmonary artery band was 
removed and the artery was reconstructed. The 
Blalock-Taussig shunt was also ligated. The 
pulmonary stenosis present in 2 patients was 
relieved through the pulmonary valve. 


Group 2 
These 3 patients are summarized in Table 2. In 
addition to the muscular defects, 1 patient had 
congenital mitral stenosis and the other, a high 
muscular defect. The latter patient and the third 
patient in this group had undergone pulmonary 
artery banding at 7 weeks and 4 months, respec- 
tively. 

The muscular defects were closed as in Group 
1. Inaddition, a high muscular defect was closed 
through the tricuspid valve in 1 patient. The 
patient with congenital mitral stenosis had his 


Fig 3. Left ventricular aspect of the septum. The 
arrow points to the patch closing the muscular 
defects. 


mitral valve replaced with a size 19 Bjork-Shiley 
prosthesis. The pulmonary artery bands were 
removed, and the main pulmonary artery was 
reconstructed in both. 


Clinical Results 

Four of the 8 patients with TGA (Group 1) died 
in the immediate postoperative period, giving 
an operative mortality of 50%. In 2 patients a 
hypoplastic right ventricle was the cause of 
death, as proved at postmortem examination. A 
third patient died of airway obstruction follow- 
ing a tracheostomy. The fourth patient died of 
intractable heart failure and pulmonary edema; 
postmortem examination revealed unrecog- 
nized muscular VSDs in addition to those that 
had been closed through the left ventricle and 
the conoventricular defect that had been re- 
paired through the tricuspid valve. Four pa- 
tients survived the operation; none had symp- 
toms of postoperative left ventricular failure or 
arrhythmias related to the left ventriculotomy. 
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Table 1. Clinical Data and Results in 8 Patients 
with VSD and Transposition of the Great Arteries (Group 1) 








Patient No., VSD Type 
Age, Sex Diagnosis and Position Operation Results 
1. 21⁄2 yr, F D-TGA, Conoventricular; Debanding, Died; Grade III PVOD, 
Blalock-Taussig, muscular septum reconstruction of hypoplastic right 
PAB (5 days), pulmonary artery, ventricle 
conoventricular Mustard, closure of VSD 
VSD, muscular VSD through RA, closure of 
VSD through LV, 
ligation of 
Blalock-Taussig 
2. 15 mo, F p-TGA, Blalock- Muscular septum Debanding, Mustard, Satisfactory 
Hanlon, PAB (2 mo), closure of VSDs 
muscular VSD 
3. 6 mo, M D-TGA, Apex Resection of PAB, Satisfactory 
Blalock-Hanlon, Mustard, closure of VSD 
PAB (19 days), 
muscular VSD 
4. 3yr, M D-TGA, subpulmonary Subpulmonic; multiple Resection of subpulmonic Died; residual VSDs in 
stenosis, multiple muscular defects stenosis, Mustard, muscular septum 
VSDs near apex closure of VSD through 
PA, closure of VSD 
through LV (sutures) 
5. 14mo,M D-TGA, VSD Apex Mustard, closure of VSD Died; airway 
(suture) obstruction 
6. 9 mo, M D-TGA, VSD Apex (multiple) Mustard, closure of VSD Satisfactory 
7. 4 mo, M D-TGA, PS, LVH, VSDs Canal type; muscular Mustard, closure of canal Died; hypoplastic right 
defect near apex type VSD through RA, ventricle 
closure of muscular VSD 
through LV 
8. 7 yr,M b-TGA, Blalock- Muscular septum near Mustard, debanding, Satisfactory 


Hanlon, PAB, VSD 


TV 


closure of VSD 


ee 


VSD = ventricular septal defect; TGA = transposition of great arteries; PAB = pulmonary artery banding; RA = right atrium; 
LV = left ventricle; PVOD = pulmonary vascular obstructive disease; PA = pulmonary artery; PS = pulmonary stenosis; 
LVH = left ventricular hypertrophy; TV = tricuspid valve. 


Table 2. Clinical Data and Results in 3 Patients 
with VSD without Transposition of the Great Arteries (Group 2) 
NN 


Patient No., VSD Type 


Results 


Age (yr), Sex Diagnosis and Position Operation 
9. 6;.F Multiple VSDs; PAB (4 Near apex Debanding, Satisfactory 
mo) reconstruction of MPA, 

closure of VSD 

10. 3,M VSD, MS Near apex Mitral valve replacement Satisfactory 
(Bjork-Shiley No. 19), 
closure of VSDs 

11. 442, F Multiple VSDs, PDA, Muscular, high; Debanding, Satisfactory; transient 


reconstruction of heart block 
MPA, closure of high 

muscular VSD 

through PA, closure 

of apical VSD 


through LV 


PAB (7 wk) muscular, apex 


I 


VSD = ventricular septal defect; PAB = pulmonary artery banding; MPA = main pulmonary artery; MS = mitral stenosis; 
PDA = patent ductus arteriosus; PA = pulmonary artery; LV = left ventricle. 
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The 3 patients without TGA (Group 2) sur- 
vived operation. The patient who underwent 
mitral valve replacement at the time of operation 
still had high left atrial pressures postopera- 
tively. One patient had a transient atrioventricu- 
lar block, which was probably produced at the 
time of closure of an additional high muscular 
VSD through the tricuspid valve. No patients 
had symptoms attributable to the left ven- 
triculotomy. 


Comment 


Defects of the muscular ventricular septum may 
be single or multiple; they may be isolated le- 
sions or associated with other forms of VSD. In 
the most complex form, in which the defects 
compromise the entire muscular septum, the 
gross appearance gives this entity the name of 
“Swiss cheese” septum. Diagnosis of this anom- 
aly is by angiocardiography in the left anterior 
oblique projection. The defects are seen to be 
unrelated to the atrioventricular valves or to the 
aortic or pulmonary annulus. 

Although in most instances the defects can be 
localized preoperatively, the surgeon is occa- 
sionally unable to locate the defect after opening 
the right atrium. Injection of saline through the 
left ventricular vent with the aorta cross- 
clamped shows multiple jets filling the right 
ventricular cavity. This simple maneuver elimi- 
nates unnecessary right ventriculotomy. 


Due to the branching nature of the defects, 
attempts at closure from the right ventricle are 
commonly followed by residual or unidentified 
defects. On the other hand, a left ventriculotomy 
gives a clear view of the smooth left ventricular 
septum with, usually, one or two well-defined 
defects. Because of the low position of the de- 
fects in the ventricular septum, the risk of injury 
to the conduction system is slight. Furthermore, 
the possibility that additional defects will go 
unrecognized is minimized by this approach. 
An apical incision gives direct access to the de- 
fects with the surgeon’s view unobscured by the 
papillary muscles, as would be the case when an 
incision is made parallel to the marginal 
branches of the circumflex artery. Also, there is 
no risk of producing dysfunction of the papillary 
muscles. 

Concerning the natural reluctance to open the 
left ventricle, it should be noted that in TGA the 
left ventricle becomes the pulmonary ventricle 
after a Mustard procedure; and in patients with- 
out TGA, in the absence of left ventricular out- 
flow obstruction, a left ventriculotomy does not 
greatly impair the systemic circulation. No pa- 
tients in either group had complications at- 
tributable to the ventriculotomy. A repeat car- 
diac catheterization in a Group 2 patient (Table 
3) showed normal left ventricular function post- 
operatively (Fig 4). 

Pulmonary artery banding should be consid- 


Table 3. Cardiac Catheterization Data in a Group 2 Patient 





Prebanding 
Determination (age 7 wk) 
RV pressure (mm Hg) 60/5 
PA pressure (mm Hg) 60/25 
LV pressure (mm Hg) 63/5 
Ao pressure (mm Hg) 65/40 
RJR, 0.1:1 
Q, (L/min/m’) 18 
Q, (L/min/m?) 25 
QvQs 7al 
LVEDV/m? 
LVESV/m? 
LVSV/m? 
EF (%) 


Postbanding After Correction 
(age 4.8 yr) (age 5.1 yr) 
75/4 50/9 

35/15 50/10 

82/4 70/5 

70/40 70/45 

0.4:1 0.47:1 

3:1 2.9 

3.0 2:9 

1.03:1 1:1 

81 71 

11 18 

70 53 

86 75 





RV = right ventricle; PA = pulmonary artery; LV = left ventricle; Ao = aorta; R,/Rs = pulmonary resistance/systemic 
resistance; Q, = pulmonary blood flow; Q, = systemic blood flow; LVEDV = left ventricular end-diastolic volume; LVESV = 
left ventricular end-systolic volume; LVSV = left ventricular stroke volume; EF = ejection fraction. 
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Fig 4. Left ventriculogram in the right anterior 
oblique projection at end-diastole (left) and 
end-systole (right). Good ventricular function has 
been achieved after left ventriculotomy in a patient 
without transposition (see Table 3). 


Table 4. Results of Banding 








No. of No. of 

Group Patients Deaths 
1 (transposition) 

Previous PAB 4 1 

No PAB 4 3 
2 (no transposition) 

Previous PAB 2 0 

No PAB 1 0 





PAB = pulmonary artery banding. 


ered as a preliminary step to correction in pa- 
tients with muscular VSDs. In patients with 
TGA, only 1 of 4 who had had a previous band- 
ing died, and his death was caused by a hypo- 
plastic right ventricle. In contrast, only 1 of 4 
patients not banded survived the operation (Ta- 
ble 4). Although this is a small series, the differ- 
ences are great enough to warrant consideration 
of this policy of two-stage repair. 


We admit that our data on pulmonary artery 
banding are not hard enough, since our referral 
pattern is such that many of the patients had 
already had an initial procedure done else- 
where. Based on our experience with previ- 
ous banding for TGA and VSD, and having dis- 
cussed the same problem with other surgeons, 
we cannot help thinking that a two-stage ap- 
proach might yield a better salvage. This is ob- 
viously a reversal from our earlier aggressive 
one-stage approach for this disorder. 
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Discussion 

DR. ROBERT J. SZARNICKI (London, England): Our ex- 
perience at the Hospital for Sick Children, Great Or- 
mond Street, supports the authors’ conclusions. We 
have been using a left ventriculotomy for closure of 
muscular VSDs since 1971. As the authors have 
shown, the technique is simple and gives excellent 
exposure of the smooth left side of the septum. We 
also use this approach for the large single defect near 
the apex, a type of defect difficult to close securely 
from any other approach. 

So far, we have used the left ventriculotomy in 11 
patients with normal ventricular-arterial relation- 
ships. Of our first 10 patients, 8 are well and without 
clinical evidence of residual VSD. Grade IV pulmo- 
nary vascular disease was found in 2 children at post- 
mortem examination. Our most recent child, the elev- 
enth, had a Swiss cheese type of ventricular septum, 








Erratum 


In the article “Local Nerve Block for Peroral En- 
doscopy,” by Tom R. DeMeester and associates, 
that appeared in the September issue of The An- 
nals, Figure 3 on page 281 is incorrectly labeled. 

The upper label should read “Glossopha- 
ryngeal Nerve Block’’ and the lower label, 
“Superior Laryngeal Nerve Block.” 


and a large patch was inserted to cover the lower half 
of the septum. The patient died of septicemia nine 
weeks later after a difficult postoperative course. He 
had developed low cardiac output 6 hours postopera- 
tively in spite of inotropic support, and he received 
intraaortic balloon pumping for 24 hours. Sub- 
sequently, he required extensive therapy for cardiac 
failure. Recatheterization three weeks postopera- 
tively excluded a major residual VSD but suggested 
somewhat abnormal left ventricular function. This 
was the only patient in our series in whom we may 
speculate that the left ventriculotomy was a contribu- 
tory factor to death. 

I would like to ask the authors if they made a similar 
observation, or, if they measured cardiac output post- 
operatively, whether the values were noticeably lower 
for the group in which left ventriculotomy was used, 
compared with other approaches. 


DR, ZAVANELLA: Cardiac output measurement by the 
thermodilution technique has shown no depression 
of cardiac output in patients without transposition. In 
patients with transposition, however, the incision is 
in the pulmonary ventricle and does not affect the 
cardiac output appreciably. 

I would like to comment that no method is 100% 
effective in dealing with defects in the muscular part 
of the septum, especially the Swiss cheese defect. As 
exemplified in our patient who died of unrecognized 
defects, even a left ventriculotomy does not assure 
complete closure. 








Correction of Aortic Coarctation 


in Neonates: Mortality and Late Results 


Quentin Macmanus, M.D., Albert Starr, M.D., Louis E. Lambert, M.S., 


and Gary Grunkemeier, Ph.D. 


ABSTRACT To determine those factors that affect 
mortality and to analyze long-term results, the rec- 
ords of 44 infants who underwent repair of aortic 
coarctation at less than 90 days of age were examined. 
There were 14 operative and 8 late deaths (mean, 4.3 
months postoperatively). Subsequent operation, 
generally to repair or palliate associated anomalies, 
was required 22 times in 20 patients and was a source 
of considerable mortality. There is evidence that ear- 
lier total repair of associated anomalies might im- 
prove survival. 

Sufficient data were available on 17 of the 22 sur- 
_ Vivors to assess long-term results. The outcome was 
considered excellent in 8 patients, fair in 4, and poor 
in 5. Revision of the coarctation repair due to growth 
failure of the anastomosis was required in 1 patient. 
Aggressive surgical management is recommended in 
these infants because, despite a high early mortality, 
a considerable proportion of excellent results can be 
anticipated in what is otherwise a hopeless situation. 


Coarctation of the aorta was one of the earliest 
congenital cardiovascular lesions to be surgi- 
cally repaired, and current results in children 
and young adults are gratifying. Problems per- 
sist, however, in the neonatal period, during 
which coarctation continues to be a lethal anom- 
aly. Among 69 children younger than 5 years of 
age who underwent coarctation repair at the 
University of Oregon Health Sciences Center, all 
but 1 of 23 known deaths have occurred when 
operation was performed in the first 3 months of 
life. For those who survive, scant data are cur- 
rently available regarding long-term prognosis. 
Therefore we reviewed our surgical experience 
in this high-risk group to determine those fac- 
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tors affecting mortality and to analyze long-term 
results. 


Materials and Methods 


The charts of all infants who underwent repair of 
coarctation of the aorta at less than 90 days of age 
at the University of Oregon Health Sciences 
Center from January, 1960, through January, 
1976, were examined. The 44 patients so charac- 
terized included 27 boys and 17 girls. Average 
gestational age was 38.7 weeks and average birth 
weight, 3.5 kg. Forty-three of the patients were 
operated on for heart failure that was progres- 
sive despite aggressive medical management. 
Average onset of heart failure was 17 days after 
birth. One child with severe coarctation and a 
ventricular septal defect (VSD) underwent coarc- 
tation repair because of failure to thrive. 

Associated cardiac anomalies were frequent, 
as noted in Table 1. Most common were coarcta- 
tion with patent ductus arteriosus (PDA), alone 
or with VSD. As depicted in Figure 1, the major- 
ity of patients underwent coarctation repair 
within the first 30 days of life. Average age at 
operation was 32 days. Thirty-six patients had 
preductal coarctation with a PDA, 1 had post- 
ductal coarctation with a patent ductus, and 7 
had juxtaductal coarctation with a closed ductus. 
In all cases coarctation repair was performed by 
way of a left thoracotomy incision. End-to-end 
anastomosis was done in 40 patients, a plastic 
repair was utilized in 2, and 2 patients died in 
the operating room prior to completion of the 
anastomosis. Silk was used in 32 of the 39 repairs 
in which the suture type was specified. In 32 
instances a posterior continuous row and an an- 
terior interrupted row were placed. In 5 in- 
stances separate anterior and posterior continu- 
ous rows were used, and interrupted sutures 
were utilized exclusively in'1 patient. The tech- 
nique of anastomosis was not specified in 4 pa- 
tients. 
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Table 1. Associated Cardiac Anomalies and Outcome in 44 Patients with Coarctation of the Aorta 


n i a 


Anomaly 


Operative 
and Late 


nerves a o NNN NN TOON 


Coarctation without shunts 

Coarctation with PDA 

Coarctation with VSD 

Coarctation with VSD, ASD, and PDA 
Coarctation with VSD and PDA 
Coarctation with ASD 

Coarctation with ASD and PDA 
Coarctation with PDA and TGV 
Coarctation with other complex anomalies 


Total 


Alive Dead Mortality (%) 
3 1 25 
4 5 55 
2 0 0 
4 3 43 
4 7 64 
1 0 0 
1 0 0 
3 4 57 
0 2 100 


N 
N 
aed 
N 


PDA = patent ductus arteriosus; VSD = ventricular septal defect; ASD = atrial septal defect; TGV = transposition of the great 


vessels. 


| | Alive 


EJ Dead (operative and late) 


Re 
my 
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T 
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Fig 1. Age at coarctation repair and outcome. 


Twenty patients required 22 subsequent op- 
erations during the follow-up period, usually to 
correct or palliate associated anomalies. The 
type of subsequent operation is listed in Table 2 
and the age at this later operation (mean, 89 
days) is shown in Figure 2. Four of these patients 
required revision of their initial coarctation re- 
pair. 


Results 

Mortality 

Twelve of 44 patients (27%) died during or fol- 
lowing coarctation repair and prior to sub- 
sequent operation. These included 9 operative 
and 3 late deaths. The causes of death are given 
in Table 3. The relationship of deaths to as- 


sociated anomalies is listed in Table 1, and the 
outcome as a function of age at operation is illus- 
trated in Figures 1 and 3. 

The 22 subsequent operations in 20 patients 
resulted in 10 deaths (9 operative, 1 late). The 
causes of death are listed in Table 3 and the 
relationship of outcome to type of later operation 
in Table 2. Mortality as a function of the age at 
reoperation is diagrammed in Figure 2, which 
indicates that 80% of deaths following sub- 
sequent operation were produced by reopera- 
tion in the first 3 months of life. Two patients 
underwent 2 subsequent procedures. 

Overall, 22 of the 44 patients (50%) who re- 
quired coarctation repair in the first 3 months of 
life are known to have died following surgical 
repair. An actuarial survival curve is given in 
Figure 4. For statistical comparison, a subgroup 
of 18 patients surviving at least one year after 
operation and 21 patients who died during that 
first postoperative year was examined. Statisti- 
cal analysis of possible variables affecting mor- 
tality in this group revealed onset of heart failure 
at less than 2 weeks of age and subsequent oper- 
ation at less than 90 days of age to be significant 
predictors of mortality (p < 0.025 and 0.005, 
respectively, by chi-square analysis). Gesta- 
tional age, birth weight, and severity of heart 
failure as reflected in mean pulmonary artery 
and left ventricular end-diastolic pressures did 
not seem to be significant. 
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Table 2. Type of Subsequent Operation and Outcome 


a r a O 


Operative 
and Late 
Subsequent Operation Alive Dead Mortality (%) 
VSD repair 2 0 0 
VSD and ASD repair 2 1 33 
Pulmonary artery banding 2 4 66 
Revision of coarctation repair 1 3 75 
Aortic commissurotomy 1 1 50 
Removal of pulmonary artery band 2 0 0 
Atrial baffle 1 0 0 
Thoracotomy for hemorrhage 1 0 0 
Atrial septectomy 0 1 100 
Total 12 10 





VSD = ventricular septal defect; ASD = atrial septal defect. 






Alive 





Number of Patients 


1 Dead (operative and late) 





Age at Subsequent Operation 


Fig 2. Age (in months) at subsequent operation 
and outccme. 


Follow-up 

The duration of follow-up has ranged from 2 
months to 15 years 9 months, with a mean of 3.5 
years. Of the 22 survivors, 17 were asympto- 
matic. Two had heart failure under medical con- 
trol, 2 had failed to thrive, and 1 infant had both 
heart failure and severe failure’ to thrive. Per- 
centile height and weight were recorded in 16 
and 18 of the 22 survivors, respectively. Aver- 
age height percentile was 36.3 and average 
weight percentile, 27.7. 

Systolic blood pressure averaged 125 mm Hg 
in 19 patients in whom it was recorded at 
follow-up. Blood pressure in the lower extremity 
was recorded in 17 survivors and averaged 99.9 


mm Hg. Blood pressure gradient arm-to-leg was 
recorded in 17 patients and averaged 29.8 mm 
Hg. 

Seventeen survivors for whom follow-up and 
sufficient blood pressure data were available 
were grouped according to excellent, fair, or 
poor results; criteria and results are given in 
Table 4. Follow-up in this subgroup averaged 
4.2 years. The number of patients was insuffi- 
cient to make conclusions regarding technique 
of anastomosis and blood pressure data at 
follow-up. 

Four patients required revision of their anas- 
tomosis. Three of them died at 13, 20, and 49 
days of age following reoperation for aortic 
thrombosis at the suture line. In these infants a 
posterior continuous and anterior interrupted 
suture technique was utilized. A fourth child 
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Thble 3. Causes of Death (Operative and Late) 


Coarctation Subsequent 


Cause of Death Repair Operation 
Renal failure 1 2 
Left ventricular failure 88 5b 
Arrhythmia 2 2 
Sepsis a> 0 
Hemorrhage 0 1 

Total 12 10 


aTwo late deaths. 
One late death. 


Mortality of Coarctation Repair 
Mortality due to Subsequent Surgery 








Mortality Rate (%) 
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Fig 3. Mortality rate versus age at coarctation 
repair. 








underwent repair of coarctation and PDA at 24 
days of age. At 11 years 2 months he had an atrial 
baffle placed for correction of partial anomalous 
venous return. At 15 years of age he began to 
experience dyspnea on exertion, and catheteri- 
zation revealed recurrent coarctation. He under- 
went ascending-to-descending aortic bypass 
grafting. At follow-up 6 months later he re- 
ported an increased exercise tolerance; there 
was no arm-leg blood pressure gradient. 

Four other patients, currently being followed 
at 2, 4, 4, and 5 years of age, have high blood 
pressure and significant arm-leg gradients and 
will probably need rerepair in the future. One 
other patient with high blood pressure and a 
large gradient was lost to follow-up at 6 years of 
age. 


Comment 

Mortality 

Although Morgagni [11] and Paris [12] de- 
scribed the pathology of coarctation of the aorta 
in the late 1700s and Maude Abbott [1] provided 
her classic clinicopathological study of the entity 
in 1928, it was not until 1944 that a successful . 
repair was performed, by Crafoord and Nylin [5] 
in Sweden. Progress during the past 30 years has 
been rapid, and mortality has progressively de- 
clined. In 1962, Schuster and Gross [13] reported 
an overall 4.1% mortality rate in 487 coarctation 
repairs. Unfortunately, this low mortality does 
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Fig 4. Actuarial survival curve of 44 patients 
who required coarctation repair in the first 3 
months of life. 
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Table 4. Resuits of Coarctation Repair in 17 Sur- 
vivors (Mean Follow-up, 4.2 Years) 


No. of 


Result Patients Percent 


Excellent 8 47 
BP difference arm-leg <20 
mm Hg, no 
hypertension® 
Fair 4 24 
BP difference arm-leg <20 
mm Hg, hypertension 
present, or 
BP difference arm-leg >20 
mm Hg, no 
hypertension 
Poor 5 29 
BP difference arm-leg >20 ; 
mm Hg, hypertension 
present 





aHypertension defined as blood pressure at follow-up 
greater than 2 standard deviations above accepted normals 
[2, 8, 9] for age. 


BP = blood pressure. 


not pertain to infants, in whom associated 
anomalies, both cardiac and noncardiac, are 
common and whose small size alone puts them 
at a technical disadvantage should repair be re- 
quired. In the early 1960s, operative mortality 
rates of 90% [7] and 100% [4] were reported for 
infants who had coarctation and congestive 
heart failure. As surgical techniques and life- 
support systems continue to improve, reports 
are beginning to appear examining the opera- 
tive results in large numbers of these very small 
infants. Tawes and associates [15] recorded a 
57% hospital mortality (71 of 123) in infants 
younger than 3 months of age, and Chang and 
Burrington [3] reported a 56% operative mortal- 
ity (24 of 43). The most promising report to date, 
by Fishman and colleagues [6], reveals an opera- 
tive mortality of 26% (8 of 31) in this age group, 
with only a 14% operative mortality (3 of 22) 
since 1969. 

Fourteen (31%) in this series of 44 patients 
died within 30 days of coarctation repair. This is 
similar to the operative mortality reported by 
Fishman and colleagues [6]. There were 8 late 
deaths following subsequent operation, how- 
ever, for an overall mortality of 50% (22 of 44) 
over a mean follow-up of 3.5 years. The fact that 


subsequent operation plays such a prominent 
role in mortality in these infants has not been 
stressed before. 

Shumacker and co-workers [14], in a review of 
the literature up to 1968, make a convincing ar- 
gument that mortality is directly related to the 
presence of associated anomalies, which are 
very common in these small infants with conges- 
tive heart failure [3, 7, 15]. The most critical 
factor in neonates appears to be the age at onset 
of heart failure and the necessity for early sub- 
sequent operation. 


Associated Anomalies 


The management of associated anomalies in 
these neonates has not previously been explored 
in depth. Hallman and associates [10] stressed 
the importance of banding the pulmonary artery 
at coarctation repair when catheterization or 
operative findings indicated the presence of a 
VSD. This was done in 11 of 24 patients with 
VSD in their series of infants less than 1 year of 
age; 6 of these infants were alive at follow-up 
(mean, 3.5 years). 

In the present series, 7 infants were thought at 
the time of coarctation repair to require pulmo- 
nary artery banding. Palliative pulmonary artery 
banding was employed subsequently in 6 
others. Eight of these 13 patients had VSD with 
or without associated atrial septal defect (ASD), 
theoretically easily correctable anomalies. Mor- 
tality in this group was 62% (5 of 8). In contrast, 
of 5 patients with VSD with or without as- 
sociated ASD who underwent subsequent total 
repair, only 1 died, a mortality rate of 20%. Dif- 
ferences are not statistically significant due to 
the small number of patients in each group, nor 
should the groups be considered comparable, 
because those patients who underwent total re- 
pair tended to be older at reoperation and, in the 
judgment of the surgeon at coarctation repair, 
presumably better risks. There is no doubt, 
however, that palliation—specifically, pulmo- 
nary artery banding—has been disappointing in 
this setting, and the data are at least suggestive 
that earlier total repair, perhaps done concom- 
mitantly with coarctation repair, might improve 
survival. 
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Hypertension 

Few data are available regarding long-term 
follow-up in these small infants, generally be- 
cause most series contain large numbers of older 
infants and adults. Tawes and colleagues [15] 
studied 209 children after coarctation repair and 
found 82% with a normal blood pressure and 
femoral pulse, 8.6% with slightly decreased 
femoral pulse and slight blood pressure eleva- 
tion, and 9.5% with high blood pressure and 
high arm-leg gradients (mean follow-up, 6 
years). Hallman and co-workers [10] followed, 
for an average of 3.5 years, 42 survivors who had 
undergone coarctation repair at 1 year of age or 
less. Fifteen (36%) had an excellent result, 22 
(52%) had an arm-leg blood pressure gradient of 
less than 30 mm Hg, and 5 (12%) had an unsatis- 
factory result, with gradients greater than 30 mm 
Hg. Our results (see Table 4) are roughly com- 
parable, although they show a higher percent- 
age of poor results in this younger age group. 


Recurrence of Coarctation 


Data concerning the necessity for revision of the 
anastomosis are equally sparse in this age 
group. Tawes and associates [15] reparted that 
20 (9.5%) of 209 children of all ages had obvious 
signs of recoarctation at follow-up (mean, 6 
years). Fourteen of these 20 patients had had 
coarctation repair in the first 3 months of life. 
Fewer data are available on the actual incidence. 
In the present series, 3 patients required early 
revision of their anastomoses at 1,2, and 49 days 
following initial repair due to technical failures. 
All these patients died. A fourth patient, who 
underwent revision. of his anastomosis 15.5 
years following initial repair, is doing well. Four 
other patients, representing 22% of the 18 pa- 
tients followed 1 year or more, with a mean of 4.2 
years, will require anastomotic revision. Four- 
teen of 52 survivors (27%) in Tawes’ series [15] 
who were operated on when they were younger 
than 3 months of age underwent rerepair of 
their anastomosis, although the average 
follow-up in this subgroup is not discernible. 

Although the 4.2-year mean follow-up in our 
series is one of the longest reported in a large 


group of neonates with coarctation, it is 
conceivable—and perhaps likely—that the rate 
of coarctation recurrence will increase as these 
patients are followed into maturity. That 1 pa- 
tient required reoperation at 15 years of age reit- 
erates the importance of close, long-term 
follow-up in these patients. 
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Results and Complications 


of Intraaortic Balloon Counterpulsation 


Charles B. Beckman, M.D., Alexander S. Geha, M.D., 
Graeme L. Hammond, M.D., and Arthur E. Baue, M.D. 


ABSTRACT During the forty-month period ending 
July, 1976, intraaortic balloon counterpulsation was 
used as an adjunct to medical or surgical therapy in 
273 patients. Thirty-seven developed complications. 
Limb ischemia occurred in 16; it resolved in 12, re- 
sulted in gangrene of the toes in 1 and leg gangrene in 
2, and was the cause of death in 1 patient. Aortic 
dissection was confirmed in 7 patients and strongly 
suspected in another 4. Eight of the 11 patients with 
dissection underwent cardiac procedures with hep- 
arinization at two days to three months after bal- 
loon insertion with no untoward effects. Septicemia 
developed in 2 patients, 1 of whom died of car- 
diogenic shock. Localized groin sepsis occurred in 8 
patients, 2 of whom required removal of infected 
Dacron graft material. 

Awareness of the complications of balloon inser- 
tion, praper attention to details of balloon manage- 
ment at the time of insertion and removal, and con- 
tinuous monitoring through a central-lumen balloon 
should decrease the incidence of complications. 


This report reviews the clinical and hemody- 
namic response to balloon counterpulsation as 
well as its complications in a series of patients 
treated over a three-year period. Clinical indica- 
tions fer counterpulsation that have evolved 
during this time are elaborated, as are its limita- 
tions, and management of the complications en- 
countered is outlined. 
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Clinical Material 

During the forty-month period ending July, 
1976, imtraaortic balloon counterpulsation 
(IABC) was used as an adjunct to medical or 
surgical therapy in 273 patients at Yale-New 
Haven Hospital. Balloon insertion was at- 
tempted in another 15 patients, but it was un- 
successful due to severe aortoiliac atheromatous 


- disease. There were 202 men and 71 women 


whose ages ranged from 13 to 82 years (average, 
53.2 years). The duration of counterpulsation 
varied from one hour to twenty-seven days (av- 
erage, 3.1 days). In 45 patients the balloon was 
used in conjunction with medical therapy alone, 
and in the remaining 228 patients it was used in 
combination with cardiac operation. Follow-up 
data were obtained by direct examination and 
interview of the patients by their cardiologists 
and surgeons, The New York Heart Association 
Functional Classification system was used, and 
patients were assigned a follow-up class no 
higher than that permitted by their exercise tol- 
erance. 


Indications and Results 


The indications for insertion of the balloon in- 
cluded cardiogenic shock secondary to myocar- 
dial infarction, severe left ventricular failure 
secondary to acute infarction, acute coronary in- 
sufficiency, severe left main coronary artery 
stenosis, recurrent ventricular tachyarrhyth- 
mias, failure to wean from cardiopulmonary 
bypass, postoperative low cardiac output syn- 
drome, and miscellaneous conditions. 
CARDIOGENIC SHOCK SECONDARY TO MYOCAR- 
DIAL INFARCTION. Forty patients had acute 
transmural infarction documented by new Q 
waves and by marked elevation of cardiac en- 
zymes (lactic dehydrogenase, serum glutamic 
oxaloacetic transaminase, and creatine phos- 
phokinase). The diagnosis of cardiogenic shock 
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was accepted only when all the following criteria 
were met: systolic blood pressure below 90 mm 
Hg; urine output below 20 ml/hr; impairment of 
mental status; cold, cyanotic extremities; and 
absence of hypovolemia as documented by cen- 
tral venous pressure above 15 cm H:0 oz pulmo- 
nary capillary wedge pressure above 16 mm 
Hg. All 40 patients were given a trial of 
catecholamine therapy prior to institution of 
IABC. Twenty underwent cardiac catheteriza- 
tion; 7 of these had acute ventricular septal rup- 
ture, 6 had acute mitral regurgitation, and 7 
had a large, akinetic infarct. 

Only 12 of the 40 patients could be weaned 
from the balloon. Eight (20%) survived and were 
discharged froni the hospital (Tables 1, 2); 6 are 
still alive (1 in Class I, 4 in Class II, and 1 in Class 
Ill) and the other 2 died five and eighteen 
months following discharge. During the study 
period, 7 similar patients in cardiogenic shock 
did not have IABC because of inability to intro- 


able balloon console (5 patients). All 7 died of 
myocardial failure. 

SEVERE LEST VENTRICULAR FAILURE SECONDARY 
TO ACUTE INFARCTION. Sixteen patients had 
such severe failure that maximal diuretic 
therapy was insufficient to relieve dyspnea at 
rest. All of those patients were in Class IV, but 
they were not classified as being in shock be- 
cause they had a systolic blood pressure above 
90 mm Hg. Six patients had acute ventricular 
aneurysm, and 2 had generalized poor contrac- 
tility. 

Three of the 16 patients were treated with 
IABC and medical therapy, with 1 survivor (see 
Table 1). In the remaining 13, IABC was utilized 
prior to operation. Seven patients survived op- 
eration and were discharged from the hospital 
(Table 3); all are in Class I or II. During the same 
study period 10 similar patients underwent op- 
eration without preoperative institution of 
IABC; 4 survived. 








duce the balloon (2 patients) or lack of an avail- ACUTE CORONARY INSUFFICIENCY. Seventy- 
Table 1. Survival (Hospital Discharge) following IABC 
with Medical and Surgical Therapy in 273 Patients? 
IABC and Medical IABC and Surgical 
Therapy Therapy Total IABC 
No. of Survivors No. of Survivors No. of Survivors 
Major Indication Patients (%) Patients (%) Patients (%) 
Cardiogenic shock secondary 29 7 (24) 11 1 (9) 40 8 (20) 
to MI 
Severe acute LV failure 3 1 (33) 13 7 (54) 16 8 (50) 
secondary to MI 
Acute coronary insufficiency 
Without recent MI 0 45 41 (91) 45 41 (91) 
With subendocardial MI 0 sls 21 18 (86) 21 18 (86) 
With transmural MI 3 2 (67) 4 3 (75) 7 5 (71) 
Severe left main coronary 1 0 21 16 (76) 22 16 (73) 
stenosis (with or 
without acute MD 
Tachyarrhythmias 2 0 8 3 (38) 10 3 (30) 
Failure to wean from 0 47 19 (40) 47 19 (40) 
bypass ; 
Postoperative low-output 0 33 10 (30) 33 10 (30) 
state 
Miscellaneous 7 4 (57) 25 22 (88) 32 26 (81) 
Total 45 14 (31) 228 140 (61) 273 154 (56) 


*Patients subdivided according to major indication for counterpulsation. 


MI = myocardial infarction; LV = left ventricular. 
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Table 2, Survival (Hospital Discharge) following IABC with Medical and Surgical Therapy in 40 Patieħts 
with Cardiogenic Shock Secondary to Myocardial Infarction 


eee 


IABC and Medical IABC and Surgical 











Therapy Therapy Total LABC 
Major Hemodynamic No. of Survivors No. of Survi i 
) . 5 ivors No. of Survivors 
Abnormality Patients (%) Patients (%) Patients (%) 
Ventricular septal rupture 3 0 4 0 7 0 
Mitral regurgitation 2 0 4 0 6 0 
Aneurysmal infarct 2 0 2 0 4 0 
Severe akinesia oo 7 (32) 1 1” (100) 23 8 (35) 
Total 29 7 (24) 11 1(9) 40 8 (20) 


‘One late death occurred 18 months after discharge; sudden, presumably due to myocardial ischemia. 
One late death occurred 5 months after discharge due to cardiac failure. 


Table 3. Survival following IABC and Surgical 
Therapy in 13 Patients with Intractable 
Left Ventricular Failure? 





Major Hemodynamic No. of No. of 


Abnormality Patients Survivors 
Ventricular septal rupture 4 3 
Mitral regurgitation 4 1 
Left ventricular aneurysm 3 1 
Severe akinesia 2 2 
Total 13 7 (54%) 





“Patients subdivided according to their major hemodynamic 
abnormality. 


three patients received IABC because of acute 
coronary insufficiency with recurrent prolonged 
(> 20 min) attacks of rest angina despite maxi- 
mal therapy with propranolol and long-acting 
nitrates. These attacks were characteristically 
unrelieved by nitroglycerin, and they were ac- 
companied by electrocardiographic changes of 
S-T and T segment elevation or depression (>1 
mm) or ventricular arrhythmias. Patients with 
acute coronary insufficiency who responded to 
aggressive medical therapy, including large 
doses of propranolol, were managed without 
IABC, thus reserving counterpulsation for the 
most severely ill patients. Of the 73 patients in 
this group, 45 had no evidence of acute myocar- 
dial infarction, whereas 21 had enzyme eleva- 
tions consistent with subendocardial infarction 


and 7 had electrocardiographic changes of 
transmural infarction. 

Following IABC, 52 of the 73 patients became 
angina free and another 17 were greatly im- 
proved. The 45 patients who did not have acute 
infarction underwent coronary revasculariza- 
tion, with 4 deaths (8.9%). The 21 patients with 
subendocardial infarction underwent revas- 
cularization, with 3 deaths (14.3%). The sur- 
vivors are in Class I (51 patients) or II (8 pa- 
tients). IABC was used alone in 3 patients who 
had acute coronary insufficiency and threatened 
extension of a transmural infarct, with 1 death, 
and it was used in conjunction with revasculari- 
zation in 4 similar patients, also with 1 death 
(see Table 1). . 

SEVERE LEFT MAIN CORONARY ARTERY STE- 
nosis. IABC was used prophylactically before 
operation in 21 patients who had left main coro- 
nary artery narrowing of at least 90% (see Table 
1). Eight patients had the balloon inserted prior 
to catheterization because of refractory acute 
coronary insufficiency, but they are classified 
here in view of the location of the obstructive 
coronary lesion. The remaining patients, all 
with Class II or IV angina, had the balloon in- 
serted preoperatively but after catheterization. 
The operative mortality was 23.8% (5 of the 21 
patients). It was especially high (50%) among 
the 8 patients who had coexistent acute coronary 
insufficiency, while the 13 without acute coro- 
nary insufficiency had an operative mortality of 
7.7% (1 patient). 
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During this period 4 patients who had left 
main coronary artery stenosis and acute coro- 
nary insufficiency did not receive balloon sup- 
port. All died (1 during cardiac catheterization, 2 
while being weaned from large doses of pro- 
pranolol prior to operation, and 1 during opera- 
tion). An additional patient received IABC but 
developed a large infarction prior to con- 
templated operation and did not undergo the 
surgical procedure. 

RECURRENT VENTRICULAR TACHYARRHYTH- 
MIAS. Ten patients had recurrent tachycardia 
or fibrillation following acute myocardial infarc- 
tion despite medical management with combi- 
nations of lidocaine, procainamide, quinidine, 
and propranolol. IABC effectively stabilized the 
arrhythmia in 7 patients. Two patients died after 
the balloon was removed when the nonopera- 
tive approach was used. Of the 8 who had IABC 
followed by operation (revascularization in 3 
and infarctectomy in 5), 3 patients (37.5%) 
were discharged alive, and they are in Class II. 

FAILURE TO WEAN FROM CARDIOPULMONARY 
Bypass. IABC was instituted in 47 patients 
who could not maintain a systolic blood pres- 
sure above 90 mm Hg off cardiopulmonary 
bypass despite left atrial filling pressures greater 
than 24 mm Hg and simultaneous use of 
catecholamines. These patients also frequently 
manifested tachyarrhythmias. A satisfactory 
hemodynamic state was achieved in 34 (72.3%); 
23 (48.9%) were then successfully weaned from 
the balloon, and 19 (40.4%) survived to be dis- 
charged from the hospital, 15 in Class I, 3 in 
Class II, and 1 in Class III. 

POSTOPERATIVE LOW CARDIAC OUTPUT SYN- 
DROME. Thirty-three patients were treated with 
IABC when, after successful weaning from 
bypass, they subsequently deteriorated hemo- 
dynamically and exhibited all the classic signs of 
cardiogenic shock. Fifteen (45.4%) were eventu- 
ally weaned from the balloon, and 10 (30.3%) 
were discharged alive, 8 in Class I and 2 in 


Class II. 
MISCELLANEOUS INDICATIONS. Thirty-two 


patients could not be classified into any of the 
previous categories. They included patients 
who had poor left ventricular function prior to 
operation (ejection fraction < 0.2); preoperative 
patients with extensive coronary disease who 


were being weaned rapidly from large doses of 
propranolol; patients with combined diffuse 
coronary disease and valve involvement in 
whom a long, difficult procedure was antici- 
pated; and patients with acute coronary insuffi- 
ciency syndrome in whom angiography did not 
demonstrate major coronary disease. Seven of 
the 32 patients were treated medically, and 4 
(57%) survived; 22 (88%) of the 25 who under- 
went operation lived. 


Balloon Management 

Except for balloon insertions done when we 
were trying to bring patients off bypass, all in- 
sertions were performed in the surgical inten- 
sive care unit, as were all balloon removals. 
Fluoroscopy was not used, but balloon position 
was checked by portable chest roentgenogram 
before the sterile drapes were removed. In 2 
instances of difficult insertion, the opposite 
groin was successfully used; and in 4 patients in 
whom femoral insertion at the time of cardiac 
operation was impossible, the aortic arch was 
used successfully. 

The Avco* balloon was utilized in all patients. 
Whenever possible, a 40 cc balloon was inserted. 
All patients received heparin intravenously, 
5,000 units every 4 to 8 hours, except in the 
immediate postoperative period. Dextran was 
not used. Cephalosporin antibiotics were given 
prophylactically throughout the period of IABC. 
All femoral balloons were threaded through a 10 
mm woven Dacron graft sutured end-to-side toa 
longitudinal arteriotomy. Upon removal, a 
Fogarty catheter was passed in both directions 
through the arteriotomy; the Dacron graft diver- 
ticulum was then oversewn in the form of a 
patch angioplasty after any loose pseudointima 
was removed. Before closure, the wound was 
irrigated with bacitracin solution. 


Complications of [ABC 

Thirty-seven of the 273 patients (13.5%) de- 
veloped complications from the balloon. Limb 
ischemia occurred in 16 (5.9%), whose mean 
average duration of IABC was 4.8 days com- 
pared with 3.1 days for the entire group (p < 


*Hoffman-LaRoche, Inc, Cranbury, NJ 08512. 
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0.02). The ischemia was in the contralateral limb 
in 1 patient and the ipsilateral limb in the other 
15; it resolved completely with thrombectomy or 
balloon removal (or both) in 10. In 2 patients, 
whose initial symptoms had been overlooked, 
mild residual claudication resulted. More im- 
portant, the ischemic changes progressed in 4 
patients to loss of toes in 1, below-knee amputa- 
tion in 2, and death in 1. This last patient had 
severe aortoiliac disease, and after the balloon 
was inserted almost no proximal flow was ob- 
served. She immediately developed a cold, anes- 
thetic leg, necessitating transfer of the balloon to 
the opposite groin. Bilateral leg ischemia then 
developed, which required angiography to de- 
fine the problem. A translumbar aortogram was 
accompanied by technical difficulties leading to 
retroperitoneal hemorrhage and shock, with 
subsequent myocardial infarction and death two 
days later. 

Aortic dissection occurred in 11 patients (4%), 
all of whom had had somewhat difficult balloon 


Fig 1. Plain chest roentgenogram (left) and 
aortogram (right) showing extraluminal intramural 
location of an intraaortic balloon in a patient with 
unstable angina whose aortic dissection was not 
recognized until catheterization. The balloon was 
immediately removed, and the patient underwent 
coronary bypass successfully seven days later. 
Balloon function was normal despite the dissection. 





insertions. The dissection was confirmed itt 7 
either as an incidental angiographic finding (Fig 
1), at postmortem examination, or from direct 
inspection of the femoral artery during reexplo- 
ration of the groin. The 4 other patients, in 
whom dissection was strongly suspected, de- 
veloped back pain following insertion together 
with a fall in hematocrit or enlargement of the 
mediastinum. Back and abdominal pain was the 
most frequent symptom in patients with proved 
dissection. 

In 3 patients the dissection was recognized 
before counterpulsation was initiated, and the 
balloon was removed without residual diffi- 
culty. None of the remaining 8 patients who 
underwent IABC prior to recognition of dissec- 
tion suffered any major problem related to the 
dissection. Eight of these 11 patients were oper- 
ated on with heparinization two days to three 
months following balloon insertion with no un- 
toward effect. 

Balloon-related infections occurred in 10 pa- 
tients (3.7%), whose average duration of [ABC 
was 5.5 days. Two developed septicemia; 1 died 
of cardiogenic shock after twenty-seven days of 
counterpulsation, and the other responded to 
change in antibiotics and balloon removal. 
Localized wound sepsis occurred in 8 patients, 2 
of whom required subsequent removal of in- 
fected Dacron graft material. 
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‘We encountered no instances of gas embolism 
from the balloon or the leg neuropathies, com- 
plications which have been reported by other 
authors [1, 19, 29]. One patient who had been 
complaining of abdominal pain prior to balloon 
insertion developed cecal perforation during 
balloon counterpulsation, possibly a related 
complication [26]. He underwent colonic resec- 
tion and subsequent coronary revascularization 
and had a good functional recovery. 


Comment 

With increasing experience, the original indica- 
tions for [ABC in cardiogenic shock due to acute 
infarction, postoperative severe low-output 
state, or inability to wean from cardiopulmonary 
bypass [7-9, 11, 20, 23, 26, 28, 30] have been 
extended to include refractory unstable angina 
[13, 15, 18], recurrent life-threatening tachyar- 
rhythmias [17, 24], and preoperative support in 
the presence of severe left ventricular dysfunc- 
tion [6, 16]. Although the initial clinical response 
to IABC is almost always excellent, the end- 
result depends upon the severity of cardiac dis- 
ease and what can be accomplished surgically. 
In cardiogenic shock, long-term survival re- 
mained low despite IABC, with an overall mor- 
tality of 80%; in this series the better results 
achieved with IABC and medical therapy com- 
pared with those of IABC and operation reflect a 
conservative surgical approach to this entity. 
Operation was performed only in patients who 
did not respond to IABC and who continued to 
deteriorate, with progressive acidosis, falling 
urine output, deteriorating blood gas levels, and 
increasing need for vasopressors. On the other 
hand, patients who had severe left ventricular 
dysfunction and acute failure secondary to re- 
cent infarction and who did not have the full- 
blown picture of cardiogenic shock showed a 
better response to IABC, and when operation 
was associated with IABC, these patients had a 
better survival rate. The overall mortality of 50% 
in this small group is in the same range as that 
reported by others [2, 9], and the functional re- 
sults have been very gratifying. 

Our experience with IABC in acute coronary 
insufficiency indicates that it does not appreci- 
ably lower operative mortality [5, 14, 18, 21, 27]. 
However, IABC provides electrocardiographic 


and symptomatic stability. This allows maneu- 
verability in the operative schedule and permits 
operation on an urgent rather than emergency 
basis. The results in the three categories of acute 
coronary insufficiency (see Table 1) stress the 
wisdom of proceeding with early catheterization 
and operation before myocardial damage super- 
venes, as the mortality was substantially in- 
creased by infarction even in the absence of elec- 
trocardiographic changes of transmural damage 
(10, 12]. 

The relatively high operative mortality among 
patients with severe left main coronary artery 
stenosis may reflect our evolving experience in 
the operative approach to patients with this le- 
sion. It had been our practice to reflect the heart 
out of the pericardium in order to measure the 
grafts before instituting cardiopulmonary 
bypass. This occasionally resulted in sudden 
hemodynamic deterioration and operative 
death. More recently we have avoided such ma- 
neuvers, and in our last 30 patients there have 
been only 2 deaths. 

As might be anticipated from a procedure in- 
volving the introduction of a large foreign body 
through major vessels, [ABC is associated with 
a number of complications including throm- 
boembolism, vascular problems, dissection, 
and localized or systemic infection [1, 3, 4, 22, 
25, 26]. Most ischemic problems developed 
when balloon insertion was difficult. Complica- 
tions occurred in the limb into which the balloon 
was inserted in 15 of the 16 cases, stressing the 
necessity to check for peripheral pulses after bal- 
loon insertion and to observe the lower ex- 
tremities continuously. When limb ischemia 
develops, serious consideration must be given 
to removal of the balloon or to immediate cardiac 
operation with placement of the balloon in the 
aortic arch if necessary. Early thrombectomy 
was associated with recovery of limb viability 
and function in the majority of these patients. 
The use of heparin at regular intervals after bal- 
loon insertion may also have contributed to our 
relatively low incidence of thrombosis [1, 26, 
29]. Additionally, careful removal of any 
pseudointima lining the graft diverticulum at 
the time of balloon withdrawal should reduce 
thromboembolic complications by preventing its 
later dislodgment and embolization. 
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Our relatively good outcome with aortic dis- 
section may be fortuitous, as there have been 
several reports of death subsequent to aortic per- 
foration or dissection from the balloon [19, 26]. 
Accordingly, dissection should be regarded as a 
very serious complication; whenever it is recog- 
nized, the balloon should be removed im- 
mediately and cardiac operation delayed for at 
least two weeks if possible. Additionally arterial 
perfusion at the time of cardiopulmonary bypass 
should be performed through the ascending 
aorta in order to decrease the likelihood of a 
retrograde dissection, which may extend with 
femoral artery perfusion. We have observed ex- 
cellent diastolic augmentation despite subinti- 
mal location of the balloon in the dissected aortic 
wall; thus, this complication does not preclude 
proper function of the balloon. Aortography 
may be required to confirm or rule out dissec- 
tion. 

One should desist from attempting to intro- 
duce the balloon when strong resistance is en- 
countered (Fig 2). We have recently been 
evaluating the use of a central-lumen balloon 
that can be passed over a guide wire under 
fluoroscopic control and through which con- 
tinuous monitoring of arterial pressure and in- 
jection of contrast material can be performed 
[31]. Such a balloon has allowed us to provide 
counterpulsation to several patients with severe 
aortoiliac atheromatous disease in whom dissec- 
tion would have been a distinct possibility. 

Systemic infection is extremely serious and 
calls for immediate removal of the balloon. A 
localized wound infection often can be con- 
trolled with debridement and local wound care, 
but 2 of the 8 patients who had this complication 
required arterial reconstruction after removal of 
infected Dacron material. 

Abdominal pain following balloon insertion 
is relatively common. If this symptom occurs, 
the patient should be observed very carefully 
with particular attention to bowel sounds, ab- 
dominal rigidity, and leukocytosis. In our entire 
series we have observed 1 instance of gangrene 
of the cecum with perforation; fortunately, early 
recognition and immediate right colectomy re- 
sulted in the patient’s survival. Two deaths due 
to gangrenous bowel were reported by Pace and 
associates [26] in their series of 104 patients re- 
ceiving IABC. 
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Fig 2. Roentgenogram of the abdomen showing an 
intraaortic balloon kinked in the abdominal aorta 
following an insertion that met with resistance due 
to atheromatous disease in the aorta. Fluoroscopic 
and pressure monitoring through a central lumen 
helps to avoid these difficulties of balloon insertion. 


Our experience underlines the importance 
of IABC for temporary support of patients 
acutely ill with cardiac disease. Stabilization of 
the hemodynamic state allows time for diagnos- 
tic procedures and selection of the appropriate 
therapeutic course. In patients with poor car- 
diovascular function following a cardiac opera- 
tion, IABC reduces the requirement for 
catecholamines and the ensuing  tachyar- 
rhythmias and other side-effects. It also in- 
creases the salvage rate among these patients by 
interrupting the vicious cycle of progressively 
deteriorating myocardial function. Awareness 
of the complications of balloon insertion should 
help to decrease their incidence. 
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Discussion 

DR. JOHN C. MCCABE (New York, NY): Dr. Beckman’s 
experience is similar to ours at Cornell and to that of 
other published series. There is little doubt that IABC 
is effective in relieving refractory ischemia, as dem- 
onstrated by the excellent results in the group with 
acute coronary insufficiency. The major advantage 
here is the ability to convert an unstable state to a 
controlled situation in which patients can be studied 
and operated on semielectively and safely. 


Cardiogenic shock after myocardial infarction re- 


mains the primary indication for use of counterpulsa- 
tion. In contrast to the New Haven series, our experi- 
ence has been that survival is rare in the group treated 
with medical therapy and IABP alone. For that reason 
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we recommend studying these patients as soon as 
they can be stabilized on counterpulsation. Of the 
operable patients in this group—those who have 
mechanical defects or bypassable coronary le- 
sions—we have salvaged 40% with emergency op- 
erations. 

In an attempt to evaluate the problem of complica- 
tions with IABC, we recently reviewed 100 consecu- 
tive cases of attempted balloon insertion. Inserting 
the balloon was difficult because of aortoiliac ath- 
erosclerosis in 27% of the patients, and it proved 
impossible by the groin approach in 21%. Three pa- 
tients subsequently had the balloon inserted through 
the ascending aorta. Although this problem is related 
to the diffuse nature of atherosclerosis, it also corre- 
lates with age, in that the average age of the group 
who had successful insertion was 57 years compared 
with 64 years in the group in whom insertion could 
not be done. 

We saw a higher incidence of complications in this 
group of 100 patients: 23% developed complications 
compared with 13% in the Yale series. If those pa- 
tients who did not survive to have the balloon re- 
moved were excluded, this figure would be higher. As 
in the present series, dissection (7 patients) and is- 
chemic extremity (10 patients) were most commonly 
seen. Four of the dissections were unsuspected and 
were found at catheterization or postmortem exam- 
ination. In each instance, the patient was successfully 
counterpulsed despite the balloon being positioned 
in a false lumen. Most dissections occurred in the 
group with cardiogenic shock, in whom there is a 
tendency to push harder to accomplish balloon posi- 
tioning. 

No patients died from the complication of dissec- 
tion in our series. However, there were 2 deaths re- 
lated to balloon pumping: 1 was from perforation of 
the common iliac artery and the second from infection 
of an ascending aortic balloon Dacron graft conduit 
and eventual hemorrhage at the suture line after graft 
removal. I don’t think this complication has been re- 
ported. 

These complications must necessarily be weighed 
against the lesser indications for IABC, particularly its 
prophylactic use in patients with left main coronary 
artery occlusion without refractory ischemia and in 
those with compromised left ventricular function. 

I would like to ask Dr. Beckman if he includes wean- 
ing from propranolol as one of the indications for 
IABC. We no longer try to discontinue propranolol in 
ischemic patients; therefore, we don’t believe this 
should be included as an indication for the use of 
IABC. 


DR. W. GERALD RAINER (Denver, CO): Dr. Beckman’s 
results are extremely good considering the classifica- 
tion of patients in the study. I was most impressed 
with his salvage of patients in whom dissection had 
occurred. We have not been so fortunate. Our indica- 
tions for pumping are a bit more rigid, and we have 


had 4 dissections in a series of 50 consecutive patients 
undergoing IABC. We have not saved any of these 4 
patients, and it may be that we were not aggressive 
enough in identifying the problem early and in re- 
moving the balloon. We also were impressed by the 
fact that the balloon functioned well in spite of its 
extraluminal location. In 2 additional patients we had 
a complication that really relates to material and 
durability—a split in the balloon catheter correspond- 
ing to its location at about the aortoiliac position, 
probably caused by pulsation against an extremely 
rigid atheromatous plaque. 

I would like to ask Dr. Beckman if he could elaborate 
further on the use of an open-lumen balloon to facili- 
tate passage in difficult patients. 


DR. WILLARD M. DAGGETT (Boston, MA): Dr. Beckman 
and his co-workers have carefully enumerated the 
types of problems one can encounter in the course of 
using the balloon pump. An observation that stands 
out in my mind, however, is the infrequency of com- 
plications with the device, especially considering the 
incidence of peripheral arterial disease in patients 
who require this type of assistance. 

There is one area of management in which I would 
like to register a differing opinion, and that concerns 
the group in cardiogenic shock. If one is going to 
operate on these patients—and certainly they are a 
difficult group at best—it must be done early, before 
all the person’s assets are dissipated. This is particu- 
larly true with patients who have mechanical compli- 
cations such as ventricular septal defect or mitral re- 
gurgitation. In this setting the balloon will reverse the 
patient’s hemodynamic slide only temporarily, and to 
achieve success in this group of patients one must 
operate while the conditions are right. 

I would like to ask Dr. Beckman how he is follow- 
ing survivors in the cardiogenic shock group who 
were treated solely with the balloon. We and others 
have observed a rather poor outlook in this group in 
the year after hospital discharge. Are you electively 
studying and operating on these patients later on, 
after they have recovered? 


DR. JOHN B. FLEGE, JR. (Cincinnati, OH): We have found 
that postoperative limb ischemia seems to occur more 
frequently in patients in whom blood flow around the 
balloon catheter was markedly diminished at the time 
the balloon was inserted. Dilation of the iliac and 
femoral arteries leads to brisk flow past the catheter, 
and we achieve this by positioning the balloon in the 
pelvic vessels and allowing it to pulsate a few times 
before advancing it into the thoracic aorta. This ma- 
neuver has led to an apparent decrease in the inci- 
dence of limb ischemia associated with use of the 
intraaortic balloon. 


DR. BECKMAN: Dr. McCabe and Dr. Daggett have 
raised a question about the discrepancy between their 
results and ours with surgical treatment of patients in 
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. 
cardiogenic shock secondary to acute myocardial in- 
farction. I think Dr. Daggett has outlined well the 
reason why our surgical approach was less successful. 
When we coupled IABC with operative intervention 
in this group of patients, the operation was performed 
several days after the institution of IABC. This inter- 
val was necessary to determine that these patients 
were balloon dependent, but by then their condition 
had deteriorated to the point where it jeopardized the 
ultimate result of the operation. The late outcome in 
our patients in this group treated with IABC only has 
not been too disappointing, however. Six of the 8 
early survivors are still alive, 2 died of late cardiac 
failure. The 6 survivors seem to be relatively 
asymptomatic; most are in Functional Class II. 

Dr. Rainer raised the question of deaths resulting 
from aortic dissection subsequent to introduction of 


the balloon. We consider it a stroke of luck not to have 
had any deaths from this complication of balloon in- 
sertion among 11 patients. We have learned, how- 
ever, that when we feel the balloon advancing against 
continued resistance, we should desist from further 
attempts at blind passage. When confronted with this 
situation outside the operating room, we resort to the 
central-lumen balloon developed by the Avco Com- 
pany in conjunction with Dr. Wolfson of our cardiol- 
ogy department. A guide wire is introduced under 
fluoroscopic control and then is followed by the 
central-lumen balloon. In fact, when we anticipate 
difficulties secondary to aortoiliac occlusive disease in 
a patient having a rather elective balloon introduc- 
tion, we would prefer to perform it from the begin- 
ning under fluoroscopic control with this luminal bal- 
loon. 
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Perfusion During Venoarterial Bypass in Primates 


Samuel A. Wickline, B.A., John R. Soeter, M.D., and J. Judson McNamara, M.D. 


ABSTRACT The effectiveness of right axillary ar- 
tery perfusion in delivering oxygenated blood to the 
cerebral and coronary circulation during venoarterial 
bypass in primates was studied. Both right and left 
common carotid flow measurements and arterial gas 
measurements revealed high flows and elevated Po, 
levels. Incomplete mixing in the ascending aorta was 
observed from cineangiograms taken at various 
pump oxygenator flows in 1 animal. The results dem- 
onstrated that the brain receives excellent oxygena- 
tion at all bypass levels. However, the coronary circu- 
lation is perfused primarily by blood ejected from the 
left ventricle and receives only minimal contribution 
of well-oxygenated blood from the pump oxygenator 
circuit. Therefore, the heart may suffer prolonged 
hypoxemia during long-term venoarterial bypass for 
acute respiratory insufficiency. 


Prolonged extracorporeal respiratory support 
with membrane oxygenation has been used suc- 
cessfully in patients with acute respiratory in- 
sufficiency. Extracorporeal perfusion is easily 
instituted, through a variety of peripheral vessel 
cannulation techniques, in patients who are un- 
responsive to conventional respiratory therapy. 
A simple perfusion route that uniformly distrib- 
utes blood to the entire body has not yet been 


developed, however. 
Each cannulation technique has its propo- 


nents and detractors [7, 9, 15]. We have used 
successfully a venoarterial circuit with axillary 
artery perfusion in both laboratory animals and 
patients [13, 14]. The efficacy of axillary perfu- 
sion in distributing oxygenated blood to the aor- 
tic arch region has been described [14]. The 
capacity of this perfusion route for adequate de- 
livery of oxygenated blood to the coronary and 
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cerebral circulations has not been previously re- 
ported. The present study evaluates the ability 
of right axillary artery perfusion to maintain 
blood flow in both carotid arteries and to dis- 
tribute well-oxygenated blood to the aortic arch 
and its branches and to the aortic root and coro- 
nary circulation. 


Methods 


Five baboons (Papio anubis), weighing 10 to 15 
kg, were anesthetized with phencyclidine hy- 
drochloride (Sernylan) and maintained with 
sodium thiopental (Pentothal). The animals 
were intubated and connected to a Harvard vol- 
ume respirator adjusted to yield normal blood 
oxygenation and pH on room-air ventilation. 
Sterile surgical technique was used throughout 
the procedure. With the animals in a supine 
position, a catheter was placed in the brachial 
vein by cutdown for administration of fluids and 
intravenous medications and for measurements 
of central venous pressure. The brachial artery 
was also exposed and prepared for cannulation 
at this time. The chest was opened through a left 
anterolateral thoracotomy, and an electromagnet- 
ic flow probe (Biotronex Laboratories, Inc) was 
placed around the main pulmonary artery for 
measurement of cardiac output. The flow probe 
lead and a large-bore catheter for chest suction- 
ing were exteriorized, and the chest was closed 
in layers. Cutdowns were made in the right and 
left sides of the neck to expose the common 
carotid arteries and the right internal jugular 
vein. Flow probes were placed on both common 
carotid arteries. Probes were monitored through 
a Biotronex 610 pulse logic flowmeter, and trac- 
ings were recorded on a six-channel Brush 260 
recorder (Gould, Inc). Sampling and pressure 
catheters (18-gauge Angiocaths) were inserted 
into each carotid artery, distal to the flow probe, 
and secured with pursestring sutures. A seg- 
ment of each artery distal to the flow probes was 
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left exposed to permit momentary occlusion for 
recording zero flow. Lidocaine hydrochloride 
(1%) was applied to the exposed arterial seg- 
ments to minimize vasoconstriction resulting 
from manipulation of the vessel. The right 
femoral vein was exposed and prepared for can- 
nulation. After all preparations had been com- 
pleted, an initial dose of heparin was adminis- 
tered (300 units per kilograms of body weight), 
and a half dose was repeated every two hours. 

Baseline flow, pressure, and blood gas data 
were recorded prior to vessel cannulation and 
institution of bypass. Venous return for bypass 
was obtained by introducing multiholed drain- 
age catheters into the right femoral and right 
internal jugular veins and advancing them prox- 
imally to the atrial level. Both cannulas were as 
large as the vessels would tolerate so as to permit 
maximum gravity-flow venous return. A smaller 
drainage catheter was also placed in the distal 
right femoral vein. The arterial cannula (12F) 
was placed in the axillary artery with the tip 
positioned in the proximal region of the right 
subclavian artery. 

The oxygenator circuit consisted of 9.5 mm 
silicone rubber tubing leading from the animals 
to a 0.75 square meter Modulung membrane 
oxygenator (Travenol Laboratories) and into a 
silicone rubber reservoir. From the reservoir, 6.5 
mm tubing led to a Sarns roller pump, a Travenol 
heat exchanger, and to the animal. The heat ex- 
changer was attached to a normothermia unit. 
Pump flow was monitored by a Biotronex flow 
probe placed in line preceding the heat ex- 
changer. The circuit was primed with baboon 
blood, drawn the previous day and stored in 
citrate-phosphate-dextrose bags and supple- 
mented with Ringer's lactate solution. Oxygena- 
tor gas flow was set at 5 liters per minute, us- 
ing 100% oxygen. 

Bypass was initiated after the completion of 
baseline recordings and cannulation. Bypass 
percentage was controlled by adjusting pump 
speed, total circulating fluid volume, and ve- 
nous drainage. Because venous return de- 
pended on the pressure head applied to the flow 
resistance in the single membrane oxygenator 
utilized, venous drainage was varied either by 
elevating the operating table or by employing a 
venous pump to increase the driving pressure 


through the oxygenator. The latter technique 
was necessary in only 1 animal. Data were re- 
corded when the animals had stabilized at a 
selected bypass percentage. 
Bypass fraction was computed as: 
% Bypass = U pump 
Q pump + Q pulmonary artery 


where Q pump signifies flow through the ex- 
tracorporeal circuit and Q pulmonary artery sig- 
nifies the cardiac output. 

Four sets of recordings were made for each 
stable bypass fraction and for the baseline level. 
Recordings on bypass were made at different 
percentages of bypass flows. A single data set 
consisted of the simultaneous recording of right 
and left carotid flows, pulmonary artery flow, 
pump flow, carotid pressures, and carotid blood 
gases. A postoxygenator blood gas measure- 
ment was also taken at each bypass percentage to 
determine the Po, of the perfused blood. All 
blood gases were measured with a blood gas 
analyzer (Instrumentation Laboratories, Model 
113). The Student t-test was used to determine 
the significance of variations in carotid flow 
across the range. 

One animal had 35 mm cineangiograms taken 
while on bypass, with contrast injection (Reno- 
grafin 76) through a T-connector located above 
the perfusion cannula. The initial one-second 
injection of 15 cc of meglumine diatrizoate and 
sodium diatrizoate was made at 40% bypass. 
Two subsequent injections of 10 cc each were 
made at 50% and 60% bypass. 


Results 


The graphs in Figure 1 represent the carotid flow 
data for the 3 animals that had flow studies. 
Figure 1A represents the right and left carotid 
flow per kilogram of body weight at various 
percent bypass levels. Figure 1B represents 
carotid flows at various rates of perfusion (pump 
oxygenator) flow. Although an increase in per- 
cent bypass corresponds to a rise in pump flow, 
the relationship is not linear because total flow 
(Q pump + Q pulmonary artery) can be adjusted 
by changing the circulating fluid volume. There- 
fore, Figure 1B is included to show the relation- 
ship between carotid flows and pump flow. 
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Fig 1. Right and left common carotid artery 

flows at (A) different bypass percentages and 

(B) different pump oxygenator flows with right 
axillary perfusion. Each flow value is the 

mean of 4 measurements at given percent bypass 
and pump flow, with standard deviations 
signified by brackets. 


The graphs demonstrate a significant (p < 
0.01) increase in both right and left carotid flows 
with the initial increases in bypass percentages 
and pump oxygenator flow. In 2 animals, how- 
ever, left carotid flow reached a plateau, and 
right carotid flow peaked and declined as per- 
cent bypass and pump flow were further in- 
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creased. Peak flows were not observed in 1 ani- 
mal because only a single bypass level was 
studied. Although right carotid flow decreased 
somewhat at higher bypass levels, it never fell 
below the baseline flow within the range of 
bypass flows studied. Left carotid flow appeared 
to increase relatively more than right carotid 
flow. 

Analysis of carotid artery blood gases revealed 
a substantial elevation in Po, values upon com- 
mencement of bypass. From approximate 
baseline arterial Po, values of 90 mm Hg, 
hyperoxygenation exceeding 250 mm Hg was 
observed even at the lowest bypass levels 
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sttidied. Right and left carotid arterial Po, values 
were consistently within 10% range of post- 
oxygenator Pov, and no statistical difference was 
demonstrable at any bypass level. Mean carotid 
pressures increased significantly (p < 0.01) on 
bypass, by an average value of 15 mm Hg, but 
neither carotid pressure was significantly differ- 
ent from the other at any bypass level. The pres- 
sure pulses in both carotid arteries were consid- 
erably damped. However, pulsatile flow was 
maintained in both arteries at all bypass levels. 
Cineangiograms were taken for 1 animal at 
three different pump flows. Figure 2 illustrates 
the typical great vessel arterial structure in ba- 
boons, with both common carotids originating 
independently from the right brachiocephalic 
trunk. Four of the 5 animals studied demon- 
strated this anatomical arrangement. The perfu- 
sion cannula was located in the proximal seg- 
ment of the right subclavian artery, distal to the 
origins of both common carotid arteries. The 
cannula occupied the total luminal area and al- 
lowed no antegrade flow beyond that point. Ret- 
rograde filling of the subclavian artery and 
brachiocephalic trunk was very rapid. Slower 
antegrade filling of the carotids and the aortic 
arch occurred subsequently along with flow into 
the descending aorta and left subclavian artery. 


Fig 2. (A) Incomplete mixing during diastole in 
the most proximal region of the ascending aorta 
(60% bypass). (B) Mixing during systolic 
ejection 0.1 second after A (60% bypass). 


The initial inlet flow from the perfusion can- 
nula through the brachiocephalic trunk was tur- 
bulent. Eddying and vortex motion were ob- 
served at the left carotid origin as a result of 
systolic ejection. However, the antegrade infu- 
sion of contrast material into both carotids re- 
vealed laminar flow of unmixed oxygenator 
blood, which consisted of a continuous-flow 
component augmented by a pulsatile-flow com- 
ponent. The total systolic ejection flow was di- 
verted into the descending aorta and left subcla- 
vian artery. Well-mixed laminar flow was 
observed in these vessels. 

A substantial amount of turbulence was ap- 
parent in the area of the ascending aorta. The 
quality of mixing in this region was difficult to 
determine solely on the basis of angiograms, but 
very little contrast medium was observed at the 
level of the coronary ostia, even at higher pump 
flow rates. This observation suggests that the 
coronary circulation was perfused largely by 
blood ejected from the left ventricle and oxygen- 
ated in the animal's own lungs. 


Comment 


In recent reports on venoarterial bypass for par- 
tial extracorporeal support, uniform distribu- 
tion of the oxygenated blood to all parts of the 
body has been a major concern. The limitations 
of femoral artery perfusion have been elucidated 
sufficiently [4, 6, 14], and alternate routes have 
been explored. Brachial axillary cannulation 
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with retrograde perfusion has been successfully 
employed [2, 8, 13, 14], and carotid artery perfu- 
sion has been used in prolonged support of 
hypoxic dogs [6]. Zapol and associates [15] have 
advocated direct aortic arch perfusion with a 
long, coiled, spring-reinforced catheter inserted 
in the femoral artery and positioned at the left 
subclavian level. More recently, Cooper and col- 
leagues [3] suggested perfusion of the ascending 
aorta by means of the same cannulation proce- 
dure. 

We have previously described adequate 
oxygenation of all aortic arch vessels with axil- 
lary perfusion even at low bypass levels [14]. The 
quality of cerebral and coronary oxygenation has 
not yet been documented. Magilligan and co- 
workers [10] noted a decrease in carotid artery 
flow above a certain pump rate with ascending 
aorta cannulation for total bypass. The Coanda 
effect [1, 5], a special application of the Bernoulli 
principle, was adduced as a theoretical explana- 
tion. This phenomenon involves the propensity 
of a fluid jet stream to entrain surrounding fluid 
and carry it along, thereby reducing lateral pres- 
sure and flow. 

Our primary interest in measuring carotid 
flows was to investigate the possibility of carotid 
steal occurring with this perfusion technique. 
During axillary perfusion and high-speed ret- 
rograde subclavian flow past the origin of the 
right common carotid artery, a flow reduction 
could result from jet-streaming at high bypass 
levels. Although both right and left common 
carotids originated from the brachiocephalic 
trunk in most of the animals studied, the can- 
nula tip was positioned distal to both carotid 
orifices. Since perfusion inflow was introduced 
at the same site in baboons as it would be in man 
with this technique, the conclusions concerning 
right carotid flows and aortic root perfusion 
should be applicable in clinical considerations. 
Conclusions concerning left carotid flow 
dynamics may be less applicable due to the 
aforementioned difference in great vessel 
anatomy, although we would not, in any case, 
anticipate problems with left carotid flow in 
man. 

The results indicate excellent oxygenation of 
the carotid arteries over the range of bypass 
levels studied. As bypass percent was increased, 


carotid flow increased and tended to peak*at 
higher bypass levels. Right carotid flows 
showed a tendency to decline at bypass levels 
over 60%. However, because the cineangio- 
grams revealed that both carotids were perfused 
solely by unmixed pump oxygenator blood, and 
because flow remained above baseline levels, 
adequate oxygenation of the cerebral circulation 
was obtained at all bypass levels. 

The application of the Coanda effect is uncer- 
tain in the case of declining carotid flow at high 
bypass levels. Theoretically, steady laminar flow 
is a prerequisite for any consideration of flow in 
terms of Poiseuille’s equation [11]. The Ber- 
noulli principle also fails to apply during turbu- 
lent flow. Perhaps a critical decrease in the resis- 
tance to retrograde perfusion flow occurs at the 
aortic arch level above a certain bypass percent- 
age (we did observe a reduction in the degree of 
eddying and vortex motion at the left carotid 
origin during high pump flows). This specula- 
tion, however, could not be confirmed accord- 
ing to the variables studied. 

The cineangiograms demonstrated good mix- 
ing in the aortic arch and in the descending 
aorta. However, the minimal presence of con- 
trast medium in the most proximal area of the 
ascending aorta, even at high pump flows, 
suggests poor mixing in the region. It appears 
that the coronary circulation is perfused pre- 
dominantly by blood oxygenated in the lungs, 
and may presumably remain hypoxemic in the 
case of respiratory failure. However, Corso and 
associates [4], working with hypoxic baboons, 
observed a noticeable increase in the pulmonary 
venoarterial oxygen difference during bypass. 
We have also reported a moderate increase in 
pulmonary oxygenation during bypass [14]. 
Corso maintains that an improvement in pul- 
monary function occurs as a direct consequence 
of bypass, due to reduced shunting and more 
efficient gas transfer. This improvement in pul- 
monary physiology, in conjunction with a de- 
creased myocardial oxygen requirement and in- 
creased coronary blood flow during bypass, 
could account for the success of prolonged respi- 
ratory support despite poor mixing at the coro- 
nary ostial level. 

Cooper and colleagues [3] recently reported 
adequate coronary oxygenation with cannula- 
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tiôn of the ascending aorta to a level just above 
the aortic valve. Secker-Walker and co-workers 
[12] have suggested that perfusion of the coro- 
nary arteries with pump oxygenator blood de- 
pends ona sufficient degree of turbulence being 
created in the aortic root by the flow of blood 
through the perfusion cannula. For a cannula 
positioned within 3 cm of the aortic valve, the 
flow rate required to supply the coronary circula- 
tion with oxygenated blood was so great as to 
jeopardize aortic valve competence. We believe 
that the long-term effects of this perfusion 
method utilizing aortic root cannulation require 
more thorough investigation. 

Some concern has been expressed about the 
status of the brachial plexus with axillary perfu- 
sion. We have observed, on rare occasions, some 
weakness of the right arm in baboons after 
bypass, a condition that has improved over sev- 
eral weeks. This temporary loss of function may 
be caused by the animal's position, as required 
by our experimental protocol, resulting in a 
brachial plexus injury. Ischemia is a more likely 
cause, as a distal perfusion cannula in the bra- 
chial artery was not employed, and the cinean- 
giograms demonstrated no flow into the axillary 
artery past the cannula tip. Recent experience 
with 5 patients during long-term axillary perfu- 
sion has confirmed the need for distal brachial 
artery cannulation to provide adequate circula- 
tion to the distal right arm. Furthermore, pro- 
longed and exaggerated hyperextension and ab- 
duction at the shoulder should be avoided. 
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Is a Left Ventricular Vent 


Necessary During Cardiopulmonary Bypass? 
Kit V. Arom, M.D., Joseph F. Vinas, M.D., John E. Fewel, B.A., >- 
Vernon S. Bishop, Ph.D, Frederick L. Grover, M.D., and J. Kent Trinkle, M.D. 


ABSTRACT This study evaluated the coronary flow 
and the internal diameter, pressure, and metabolism 
of the left ventricle using four different cardiopul- 
monary bypass techniques. Conditioned dogs 
underwent a 30-minute stabilizing period on car- 
diopulmonary bypass with a beating, empty heart 
(normothermia and a flow of 80 ml/kg/min). They 
were then fibrillated and subjected to four experi- 
ments: Group A (7 dogs)—left ventricular vent, caval 
tapes open; group B (7 dogs)—left ventricular vent, 
caval tapes closed; group C (7 dogs)—no vent, caval 
tapes open; group D (4 dogs)—no vent, caval tapes 
closed. 

There was no major difference in any of these vari- 
ables among Groups A and B (both ventricles ven- 
ted). Group D (no vent, tapes closed) had significantly 
increased wall tension, decreased coronary flow, de- 
creased subendocardial flow, and ischemia. In con- 
trast, Group C dogs (no vent, tapes open) had only a 
slight increase in left ventricular diameter and pres- 
sure, with no change from Group A and B dogs in 
coronary flow, lactate extraction, hydrogen ion pro- 
duction, or potassium difference. Therefore, venting 
the fibrillating ventricle, either with or without snar- 
ing of the caval tapes, is probably the best method to 
use during the distal anastomosis in a coronary artery 
bypass operation. However, if a vent is not used, the 
caval tapes should be left open to allow complete 
diversion of the venous blood and decompression of 
the left ventricle. 


Spontaneous ventricular fibrillation, mild to 
moderate hypothermia, and intermittent aortic 
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cross-clamping are the common techniques cur- 
rently used to facilitate the distal anastomosis 
during aortocoronary bypass. Blood returns to 
the right atrium during cardiopulmonary 
bypass from the superior and inferior venae 
cavae, the coronary sinus, and the intramural 
circulation. Blood returning to the left heart 
flows through the bronchial circulation, which 
is minimal in patients with isolated coronary 
artery disease. This blood is diverted into the 
extracorporeal circuit by caval or atrial cannulas 
and a left ventricular vent catheter. Failure to 
empty the blood from the heart will create car- 
diac distention, mainly of the left ventricle. 
The ischemic damage incurred by the heart 
during cardiopulmonary bypass is determined 
by the discrepancy between cardiac oxygen 
supply and demand. Myocardial oxygen demand 
is high during fibrillation [7, 8]. The increase in 
oxygen requirement must be met by adequate 
coronary blood flow, especially to the suben- 
docardium. It is also known that one of the 
primary determinants of myocardial oxygen re- 
quirement is developed tension. As the ven- 
tricular radius enlarges, myocardial tension in- 
creases, which raises the oxygen demand of the 
heart. Also, the high left ventricular pressure 
prevents subendocardial flow from increasing 
sufficiently to meet the increased demand [2, 4, 
8, 11]. 
Therefore we thought it would be important to 
study the effects of current cardiopulmonary 
bypass techniques on: (1) total myocardial blood 
flow and its distribution; (2) left ventricular 
pressure and internal diameter; and (3) myocar- 
dial anaerobic metabolism and cell membrane 


injury. 


Materials and Methods 

Conditioned adult mongrel dogs weighing 
25 to 30 kg were anesthetized with chloralose 
(100 mg per kilogram of body weight). Posi- 
tive-pressure ventilation was maintained by 
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méans of a cuffed endotracheal tube. During 
cardiopulmonary bypass, pulmonary ventila- 
tion was maintained intermittently. Median 
sternotomy and bilateral groin dissection were 
used. After sodium heparin, 3 mg per kilogram, 
was administered, an arterial cannula was in- 
serted into the right femoral artery. Additional 
left femoral artery and vein catheters (PE 150) 
were advanced into the aorta and inferior vena 
cava for arterial and central venous pressure 
measurements. Following ligation of the azy- 
gous vein and insertion of the superior and in- 
ferior caval tapes, two No. 32 caval catheters 
were introduced into the right atrium and posi- 
tioned in the cavae just proximal to the cavoatrial 
junction. A left ventricular vent catheter was 
inserted through the apex of the left ventricle. 
Additional catheters (PE 100) were introduced 
into the right atrium, right ventricle, left atrium, 
and left ventricle for pressure monitoring. 
Another PE 100 catheter was placed in the coro- 
nary sinus for metabolic studies. Cardiopulmo- 
nary bypass was accomplished by diverting the 
venous blood into the extracorporeal circuit 
(Q110 Bentley oxygenator* and Sarns roller 
pumpt) and returning it to the femoral artery. 
The extracorporeal circuit was primed with 
Plasmalyte solution (20 ml/kg) and fresh 
heparinized whole blood obtained from the 
fasted dog just prior to each study. The pH was 
adjusted to 7.4 with sodium bicarbonate. The 
oxygenator was perfused with a mixture of 96% 
oxygen and 4% carbon dioxide at 4 liters per 
minute. The flow rate was 80 ml/kg/min, and 
arterial pressure was maintained above 80 mm 
Hg (mean, 94 mm Hg) with intermittent injec- 
tions of small doses of Neo-Synephrine. Blood 
temperature was maintained at 37°C. All pres- 
sures were monitored continuously with a 
Beckman RM 411 recorder.t 

After a 30-minute stabilizing period on car- 
diopulmonary bypass with a beating, empty 
heart, the animals were subjected to four exper- 
iments (Fig 1): Group A (7 dogs)—left ventricu- 
lar vent, caval tapes open; Group B (7 dogs)—left 
ventricular vent, caval tapes closed; Group C (7 


*Bentley Laboratories Inc, Irvine, CA 92705. 
+Sarns, Inc, Ann Arbor, MI 48103. 
{Beckman Instruments, Inc, Schiller Park, IL 60176. 


dogs)—no left ventricular vent, caval tapes 
open; Group D (4 dogs)—no left ventricular 
vent, caval tapes closed. 

All measurements were obtained at the end of 
a 30-minute period with each setup: Radionu- 
clide microspheres were used to measure the 
total coronary flow and regional distribution [6, 
7, 14]. The internal diameter of the left ventricle 
was obtained by the sonomicrometry technique 
[3, 15]. Oxygen consumption, myocardial lactate 
extraction, coronary sinus hydrogen ion produc- 
tion, and efflux of potassium from the myocar- 


-dium were calculated. 


Coronary Flow Measurements 


Measurement of regional coronary flow was ac- 
complished by injecting into the pump inflow 


Fig 1. Techniques of cardiopulmonary bypass used 
in this study. (A) Group A—left ventricular vent 
and caval tapes open. (B) Group B—left ventricular 
vent open but caval tapes closed. (C) Group C—no 
left ventricular vent but caval tapes open. (D) 
Group D—no left ventricular vent and caval tapes 
closed. 
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(arterial) line 400,000 to 800,000 radioactive mi- 
crospheres* 15 + 5 p in diameter and labeled with 
“Ce, 5], Sr, and *°Sc. Microspheres of this 
quantity and size have been shown not to affect 
coronary hemodynamics and to be reliable de- 
terminants of regional myocardial blood flow. 
At the termination of the experiment the animals 
were killed, and the hearts were removed 
and weighed. The left ventricular muscle was 
divided into three layers (epicardial, middle, 
and endocardial), the septum into two layers, 
and the right ventricle into two layers. The tissue 
was placed in vials and counted in a well scintil- 
lation counter [6]. During each injection of mi- 
crospheres, a reference blood sample was drawn 
at a constant rate from the femoral artery for two 
minutes; this was also counted. The isotope 
overlap was subtracted by a computer, and flow 
was calculated using the formula: 


Coronary blood flow _ Reference flow 
(ml/100 gm/min) — Reference counts 


Corrected tissue counts 


Tissue weights oie 


Using this technique, the sequential regional 
distribution of coronary flow can be calculated, a 
different isotope tag having been used for each 
group. 

Regional myocardial blood flow determined 
by radioactive microspheres was expressed in 
milliliters per 100 gm of tissue per minute, and 
endocardial to epicardial flow ratios were calcu- 
lated. 


Left Ventricular Internal Diameter 


The sonomicrometer used to record internal 
diameter of the left ventricle has been described 
previously [3, 15]. The instrument employs two 
piezoelectric transducers, which are implanted 
on the endocardial surface. One transducer is 
shock excited at a high repetition rate (5,000 per 
second), and the time required for each ul- 
trasonic burst to pass from one transducer to the 
other is converted into voltage suitable for re- 
cording. The voltage reading can be converted to 
distance by means of a known formula. 

The sonomicrometer transducers were im- 
planted by making stab wounds on the anterior 


*3M Company, St Paul, MN 55101. 


and posterior walls of the left ventricle near the 

septal groove, about 2 cm below the atrioven- 

tricular sulcus. A needle carrying one transducer 

was thrust through the posterior wall until the 
transducer lay flat against the wall; a second’ 
transducer was then pushed through the other 

stab incision and positioned against the anterior 

inner surface of the ventricle. With practice, 

transducers can be implanted readily in a plane 

perpendicular to the longitudinal axis of the left 

ventricle and across its greatest internal diame- 

ter. 


Metabolic Studies 


Myocardial oxygen consumption was calculated 
from myocardial flow as determined by the mi- 
crospheres and arteriovenous oxygen difference 
(arterial versus coronary sinus oxygen content). 
Serum lactate was determined by the method of 
Lowry and Passonneau [7, 9]. The pH values and 
serum potassium were obtained from an IL 
blood gas analyzer and IL clinical card analyzer 
system.” 

The mean coronary flow, left ventricular 
internal diameter and pressure, left ventricular 
oxygen consumption, and aorta—coronary sinus 
changes of lactate, pH, and potassium were 
compared among each group. The data were 
analyzed using the Student t-test. 


Results 


The results in all four groups are summarized in 
the Table. There was no major difference in oxy- 
gen consumption among Groups A, B, and C 
(Fig 2). Oxygen consumption rose to 8.4 cc per 
100 gm per minute in Group D (about 30% more 
than in Group C). The setup was the same in 
Groups C and D except that the caval tapes were 
closed in Group D. 

At the end of 30 minutes of each setup, mean 
left ventricular myocardial flow remained ap- 
proximately 95 to 100 ml per 100 gm per minute 
in the first three groups (Fig 3A). In Group D, 
mean left ventricular myocardial flow decreased 
significantly, to only 15 ml per 100 gm per min- 
ute. 

The pattern of flow through the left ventricular 
subendocardium followed the total left ventricu- 


“Instrumentation Laboratory Inc, Lexington, MA 02173. 
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Results of the Various Setups in the Four Groups 





Coronary Blood Flow 





Aorta—Coronary Sinus Change 








(ml/100 gm/min) Voz Lactate Kt 
(ml/100_ LVID LVP (mg/100 ml) pH Units (mEq/L) 

Grp LVF SEF En/Ep gm/min) (mm) (mm Hg) (A-CS) (A-CS) (CS-A) 

A 96417 102419 1,12+014 482+1 33.27 +184 -1+1 0.09 + 0.01 0.04 + 0.03 ~0.05 + 0.02 
B 100+16 101419 1124012 58+1 33324190 11 0.06 + 0.01 0.05 + 0.02 —0.12 + 0.03 
C 9+ 9 OF £11 1064013 5741 39.44 + 2.31% 18 +5° 0.076 + 0.08 0.04 + 0.02 —0.18 + 0.05 
D 5+ 3° 65+ 2° 04640147 84+42* 80.5 +£2.04°9 6949" —27 + 58 0.28 + 0.04% +1.13 40.12 
ay < 0.01. 


LVF = left ventricular flow; SEF = subendocardial flow; En/Ep = endocardial-epicardial ratio; Vo, = oxygen consumption; 
LVID = left ventricular internal diameter; LVP = left ventricular pressure. 
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Fig 2. Left ventricular oxygen consumption in the 
four groups at the end of 30 minutes, There is no 
significant difference between Groups A, B, and C. 
In Group D, however, oxygen consumption has 
increased more than 30%. 


lar flow in all groups. In Groups A, B, and C the 
subendocardial flow was greater than flow 
through the epicardium; the endocardial- 
epicardial ratio was higher than 1.0 in each 
group. Total flow in Group D was decreased to 
15 ml per 100 gm per minute, and the endocar- 
dialepicardial ratio was only 0.46 (Fig 3B). 

Left ventricular pressure and diameter were 
almost identical in Groups A and B, in which 
the ventricles were vented (Fig 4). In Group C 
the left ventricular diameter increased to 39 mm 
(33 mm in Groups A and B), and the left ventricu- 
lar and left atrial pressures rose to 18 mm Hg. In 
Group D, left ventricular internal diameter and 


pressure reached 80 mm and 69 mm Hg, respec- 
tively. 

There was no major pressure gradient across 
the atrioventricular valve in any of these setups. 
Right heart pressure was slightly elevated in 
Group C (1 to 7 mm Hg) but was almost equal (64 
mm Hg) to left ventricular pressure in Group D. 

There was no significant difference in the 
aorta—coronary sinus levels of lactate, pH, and 
potassium between Groups A, B, and C (Fig 5). 
The left ventricle in these three groups extracted 
lactate normally and did not noticeably increase 
hydrogen ion production, and there was no 
efflux of potassium ions from the myocar- 
dium. In contrast, in Group D there was marked 
lactate production (aorta~coronary sinus lactate, 
27 mg/100 ml), high myocardial hydrogen ion 
production (pH unit rose from 0.04 to 0.28), and 
an efflux of potassium ions from the myocar- 
dium (aorta—coronary sinus difference, 1.13 
mEq/L). 


Comment 


The large population of patients with coronary 
occlusive disease has resulted in the need for 
simplification of techniques utilized in coronary 
artery revascularization. Spontaneous ventricu- 
lar fibrillation, with or without aortic cross- 
clamping, is desirable during performance of 
the distal anastomosis. Not venting a ventricle 
simplifies the technique, avoids air embolism, 
prevents localized myocardial injury from the 
vent (new Q waves), and has been used in as- 
sociation with spontaneous fibrillation [1, 10, 
12, 16]. The idea has engendered controversy, 
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Fig 3. (A) Left ventricular coronary blood flow and 
blood fiow through the left ventricular 
subendocardium in the four groups following 30 
minutes of ventricular fibrillation, Note that the 
flow remains the same in Groups A, B, and C but 
decreases significantly in Group D. (B) 
Endocardial-epicardial flow ratio. The proportion of 
total left ventricular flow delivered to the 
subendocardium in Groups A, B, and C is similar. In 
Group D, myocardial flow was redistributed away . 
from the subendocardial region despite the decrease 
in total coronary flow. 


however, because of the tendency for left ven- 
tricular distention and, subsequently, myocar- 
dial ischemia to occur [5]. 

In this experimental study, four cardiopulmo- 
nary bypass setups were used. In Group A, all of 
the blood entering the heart was emptied by the 





caval catheters and left ventricular vent. This was 
evidenced by low pressure in all chambers of the 
heart (—1 to 2 mm Hg) and no left ventricular 
distention (internal diameter of left ventricle, 33 
mm). In Group B (both caval tapes snared) the 
coronary sinus blood and venous return from 
the intramural circulation drained into the right 
ventricle and spilled over into the lungs, the left 
atrium, and subsequently the left ventricle. In 
this setup, the venting catheter also emptied all 
of the blood in the left heart (left ventricular 
pressure, 1 mm Hg; internal diameter, 33 mm). 
Pressure in the right heart rose slightly, to an 
average of 4 mm Hg. Left ventricular blood flow 
and metabolism remained within normal limits 
in both groups. 

In Group C, all venous blood from the 
superior and inferior venae cavae, coronary 
sinus, and intramural circulations emptied into 
the caval cannulas. In this setup the right atrium 
should be completely emptied during the proce- 
dure, and the only blood that can be returned to 
the heart is that in the bronchial circulation, 
which is minimal. Left ventricular diameter and 
pressure were slightly increased with this setup, 
but the distention did not decrease myocardial 
perfusion or impede subendocardial flow. The 
metabolic studies confirmed no anaerobic me- 
tabolism or cell membrane injury. The coronary 
driving pressure in this setup was 76 mm Hg 
(perfusion pressure of 94 mm Hg minus mean 
left ventricular pressure of 18 mm Hg). These 
findings coincide with those of Baird [2], Reuben 
[13], and Brazier [4] and their colleagues in that 
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Fig 4. Left ventricular internal diameter (A) and 
pressure (B). Note the slight increase in diameter 
and pressure in Group C compared with a marked 
increase in both factors in Group D. 
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Fig 5. Effects of different techniques of 
cardiopulmonary bypass on (A) lactate metabolism, 
(B) hydrogen ion production (pH unit difference), 
and (C) potassium efflux. There is no significant 
change in any of these variables in Groups A, B, and 
C. In Group D, coronary sinus lactate and hydrogen 
ion production are high and there is marked loss of 
potassium from the myocardium. 


this coronary driving pressure does not impair 
subendocardial perfusion. 
In Group D, all blood from the coronary sinus 


and from the intramural and bronchial circula- ` 


tions remained in the heart, causing major car- 
diac dilation, particularly of the left ventricle. In 
this setup the ventricle became very distended, 
necessitating termination of the study after 15 
to 20 minutes on 3 occasions. The findings 
suggested a marked increase in left ventricular 
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wall tension, decreased coronary perfusion, and 
impeded subendocardial flow. Metabolic stud- 
ies also showed noticeable ischemia and cell 
membrane injury. This technique is not appli- 
cable for clinical use. 

In summary, the present study shows that de- 
spite the potential hazard of air embolism or 
occasional technical problems, venting the fibril- 
lating ventricle either with or without snaring 
of the caval tapes is probably the best method to 
use during the distal anastomosis of a coronary 
artery bypass procedure. However, if a vent is 
not used, the caval tapes should be left open to 
allow complete diversion of venous blood. With 
this technique, the left ventricle is adequately 
decompressed and well perfused when all the 
venous blood is emptied through the caval can- 
nulas. We did not observe a progressive increase 


572 The Annals of Thoracic Surgery Vol 24 No 6 December 1977 


in left ventricular volume or pressure when a 
vent was not used and the cavae were not 
snared. Therefore, the bronchial flow either 
must be unimportant or is removed by ret- 
rograde flow by way of the pulmonary circula- 
tion. If this technique is used clinically, it might 
be wise to insert a Swan-Ganz catheter to 
monitor pulmonary artery, left atrial, or left ven- 
tricular pressures to allay the surgeon’s fear of 
increased left heart pressure. 
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Discussion 

DR. HASSAN NAJAFI (Chicago, IL): I wish to compli- 
ment Dr. Arom and his colleagues for their contribu- 
tion and to share with you a seemingly unusual ex- 
perience that has now become a matter of fact, at least 
in my own practice of cardiac surgery. 

Our initial experience comprised 76 patients who 
had undergone aortic valve replacement without any 
type of left heart decompression, ventricular or atrial; 
they were part of our clinical review published in 1976 
(Ann Thorac Surg 21:131, 1976). Since then the 
series has grown to more than 150 patients who have 
had aortic valve replacement without any type of left 
heart decompression. 

The technique is very simple. After replacement of 
the aortic valve, while the myocardium is being pro- 
tected with cold Ringer’s lactate solution, the aor- 
totomy is closed except for a small portion in the 
middle that the surgeon controls with two mattress 
sutures. When these sutures are pulled, the aortotomy 
closes; when they are released, one can drain the 
excess blood from the left heart chamber, remove air, 
and allow retrograde coronary perfusion to be estab- 
lished by release of the aortic clamp. When vigorous 
ventricular fibrillation is attained, the heart can be 
defibrillated without any difficulty. 

Among the first 76 patients whom we reported 
there were 2 deaths, 1 occurring one week postopera- 
tively due to a pulmonary embolus and 1 at three 
weeks due to endocarditis. . 

Irecommend this technique, particularly to those of 
you who use cold Ringer’s lactate solution for preser- 
vation of the myocardium. The ventricle can always 
be vented if it appears necessary. 


DR. E. CONVERSE PEIRCE II (New York, NY): I merely 
wish to suggest some caution in adopting studies in 
animals as a model for human perfusion. The work 
Dr. Arom has presented was carried out for periods of 
30 minutes without a left ventricular vent, and during 
that time there was no significant‘deterioration due to 
left ventricular distention. If one carries out partial 
bypass in dogs for longer periods with the heart fibril- 
lating, one very frequently ends up with a distended 
left ventricle—so much so that over the years it has 
become our custom to create atrial septal defects in all 
dogs that are going to have prolonged ventricular 
fibrillation. In a series of 60 such long-term perfu- 
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sions, the incidence of pulmonary edema in the ani- 
mals without atrial defects was about 70%, the inci- 
dence of pulmonary edema in the dogs with atrial 
defects was less than 20%, and the actual lung weights 
were about 50% higher. 

The problem clinically is that although it is ordinar- 
ily possible to get by without a vent, if this is done 
routinely without some very good monitoring system 
for the left ventricular, left atrial, or pulmonary artery 
pressure, one may have a sudden pressure rise with 
all the concomitant problems—pulmonary edema, of 
course, being one of the last ones. Therefore, although 
anumber of surgeons do surgical procedures withouta 
vent, I think it is potentially quite a dangerous prac- 
tice. 


DR. RODMAN E. TABER (Detroit, MI): I support Dr. 
Peirce’s caution. It seems to me the authors have 
shown us that venting is not necessary with normal 
left ventricular function, such as was present in the 
dogs. When left ventricular function is impaired, 
however, such as during recovery from hypothermia, 


ischemic insult to the myocardium, severe aortic in- 
sufficiency, and conditions that distend the left ven- 
tricle such as increased bronchial flow, the left heart 
will not be decompressed by leaving snares open on 
the right side of the heart. So when left ventricular 
function is impaired—as it will be once in a while—a 
vent becomes mandatory to prevent left atrial hyper- 
tension and subsequent damage to the lungs. 


DR. AROM: I thank the discussants and will respond 
briefly to their comments regarding left ventricular 
distention and increased left atrial pressure during 
the clinical application. I also do not vent the left 
ventricle or use a caval tape during valve replacement 
and coronary bypass surgery (except during anas- 
tomosis of the circumflex artery in the atrioventricular 
groove). We monitor the wedge pressure with a 
Swan-Ganz catheter and are absolutely certain that the 
right atrium is always emptied during the procedure. 
When the right atrium is emptied, the left ventricle 
will not distend, and the wedge pressure will be lower 
than expected. l 





American Board of Thoracic Surgery 


The 1979 annual certifying examination of the 
American Board of Thoracic Surgery (written 
and oral) will be held Mar 22-24,. 1979, in 
Chicago, IL. Final date for filing application is 
Aug 1, 1978. l 


Please address all communications to the Ameri- 
can Board of Thoracic Surgery, 14640 E Seven 
Mile Rd, Detroit, MI 48205. 


A Pulsatile Assist Device (PAD) i 
for Use During Cardiopulmonary Bypass 


David Bregman, M.D., Michael Bailin, Frederick O. Bowman, Jr., M.D., 
Eduardo N. Parodi, M.D., Susan M. Haubert, R.N., Richard N. Edie, M.D., 
Henry M. Spotnitz, M.D., Keith Reemtsma, M.D., and James R. Malm, M.D. 


ABSTRACT A pulsatile assist device (PAD) has 
been developed to convert roller pump flow to pul- 
satile flow in a simple fashion. The device can also be 
used as an arterial counterpulsator before and after 
cardiopulmonary bypass. The PAD has been used in 
125 adult patients undergoing open-heart operations 
for coronary artery or valvular heart disease or the 
combination. Ninety-two patients were in New York 
Heart Association Functional Class MI or IV or had 
ejection fractions of less than 0.3. The PAD 
functioned as a hemodynamically effective arterial 
counterpulsator before and after perfusion. All pa- 
tients were successfully weaned from bypass with the 
PAD. There has been 1 intraoperative death and 2 late 
deaths. Only 1 patient had a perioperative myocardial 
infarction, and this person was successfully treated 
with intraaortic balloon pumping. 

We believe the PAD is a simple and reliable device 
for intraoperative counterpulsation and for the crea- 
tion of pulsatile cardiopulmonary bypass. More im- 
portant, use of the PAD may decrease both the inci- 
dence of perioperative myocardial infarction and the 
need for postoperative intraaortic balloon pumping. 


In recent years, the challenge of cardiovascular 
surgery has focused on safer management and 
repair of complex lesions in high-risk patients as 
well as on improving methods of myocardial 
protection and support in the perioperative 
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period [8]. The intraaortic balloon has enabled 
the cardiovascular surgeon to deal more effec- 
tively with many patients who are at high risk 
preoperatively as well as to improve prospects 
for survival in those patients who develop re- 
fractory intraoperative left ventricular power 
failure or ventricular tachyarrhythmias [4, 7—10, 
12, 14, 21). 

In an effort to broaden the applicability of 
the principles of intraaortic balloon pumping 
(IABP), a new pulsatile assist device (PAD) has 
been developed [11, 13, 23]. It is used externally 
in the cardiopulmonary bypass circuit and simu- 
lates, in all respects, the action of an intraopera- 
tive intraaortic balloon. 

This paper details our clinical experience with 
the PAD in 125 patients over a one-year period at 
the Columbia-Presbyterian Medical Center. Our 
purpose is to show that the PAD is a reasonable 
alternative to IABP in high-risk patients and that 
its use affords greater intraoperative myocardial 
protection. 


The Pulsatile Assist Device (PAD) 


The PAD* is a disposable plastic device de- 
signed to be inserted in the arterial line during 
cardiopulmonary bypass (CPB). The device can 
be used with either aortic or femoral artery per- 
fusion (Fig 1). The PAD consists of a flexible, 
valveless polyurethane balloon with 9.5 mm 
(3% inch) ends through which the arterial blood 
flows (Fig 2). The balloon is contained within a 
rigid plastic housing connected by way of an air 
hose to a standard System 80 intraaortic balloon 
pump console.” As soon as the arterial perfusion 
cannula is inserted, and before bypass is insti- 
tuted, a tubing clamp is placed between the rol- 
ler pump and the PAD to maximize the central 
hemodynamic efficacy of arterioarterial coun- 
terpulsation which can now be instituted. When 


*Datascope Corp, Paramus, NJ 07652. 
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Fig 1. The pulsatile assist device (PAD) ina 
cardiopulmonary bypass circuit. Oxygenated blood 
flows through the valveless balloon within the PAD 
and on into the aorta. The balloon pump 
pneumatically squeezes the PAD balloon to effect 
either synchronous counterpulsation or pulsatile 
cardiopulmonary bypass. 


CPB begins, the clamp is removed and the PAD 
is pulsed synchronously with the electrocar- 
diogram in diastole to create pulsatile bypass. 
During ventricular fibrillation or aortic cross- 
clamping, an internal trigger of 80 beats per min- 
ute is used. Each time the heart is defibrillated, 
synchronous ECG-triggered pulsatile bypass is 
resumed. While the patient is being weaned 
from bypass, the PAD is again utilized as a coun- 
terpulsator, and when bypass is terminated, 
counterpulsation can continue until protamine 
is administered. During postbypass counterpul- 
sation, the tubing clamp is again placed between 
the roller pump and the PAD. This clamp can be 
removed intermittently while blood is returned 
in increments from the heart-lung machine. 
Counterpulsation is continuous as this blood is 
reinfused, and weaning from the PAD can be 


accomplished in a manner similar to weaning 
from IABP [6]. 

Aside from its pneumatic connection to the 
PAD in the sterile operative field, the only other 
mandatory input to the System 80 console for 
PAD use is the ECG. Pressure acquisition, op- 
tional for console function, is essential for the 
timing of counterpulsation. The PAD and air 
hose are kept sterile in the operative field so that 
the PAD can be positioned as close to the arterial 
tree as possible in order to maximize its effec- 
tiveness as a counterpulsator [18]. In addition, 
this position facilitates excision of the PAD in 
the event of a device failure. 


Materials and Methods 


From November 4, 1975, to November 3, 1976, 
125 adult patients, primarily from the group 
with impaired left ventricular function who 
underwent elective open-heart operation at the 
Columbia-Presbyterian Medical Center, were 
assisted intraoperatively with the PAD. The 
Table outlines the type of operation performed 
in the patients selected for pulsation. Of the 125 
patients, 99 were men and 26, women. Their 
ages ranged from 34 to 82 years (average, 59 
years). Ninety-two patients were in New York 
Heart Association Functional Class II or IV and 
had ejection fractions below 0.3 or left ventricu- 
lar end-diastolic pressures (LVEDP) greater than 
18 mm Hg at preoperative catheterization. 
Thirty patients had left main coronary artery 
lesions or the equivalent; 19 of these were in 
NYHA Class III or IV. Four patients, all in Class 
WI or IV, had crescendo angina. Our criteria for 
use of the PAD were as follows: 


. Preoperative NYHA Class III or IV. 

. Preoperative ejection fraction less than 0.3. 

. Preoperative LVEDP of 18 mm Hg or higher. 

. Patients with left main coronary artery le- 

sions or equivalent left main lesions. 

5. Patients with crescendo angina refractory to 
medical therapy who have previously been 
studied. 

6. Patients requiring aortic valve replacement in 
conjunction with coronary artery revasculari- 
zation. 

7. Patients in whom CPB is expected to last 

more than three hours. 


PON 
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Fig 2. The clinical PAD. Displacement volume of 
the balloon is 80 cc. 


Use of Pulsatile Assist Device 


(PAD) in 125 Patients 
No. of 

Operation Patients 
Coronary bypass alone 77 
Valve replacement alone 22 
Ventricular aneurysm alone 5 
Combined coronary and 

valve operations 13 


Combined coronary and 
ventricular aneurysm operations 8 


Perfusion was carried out with the Bentley 
Temptrol Q200A* disposable bubble oxygenator 
and a clear fluid prime. Moderate hypothermia 
was used routinely. Our clinical experience has 
been. primarily with ascending aortic perfusion 
utilizing a No. 24 Bardict arterial perfusion 
catheter with a short arterial inlet. 

Our technique for.coronary revascularization 
with the PAD is as follows. Counterpulsation 
with the PAD ‘is begun as soon as the aortic (or 
femoral) artery cannula is inserted. If a long- 


*Bentley Laboratories, Irvine, CA 92714. 
+US Catheter Corp, Billerica, MA 01821. 
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tipped arterial perfusion cannula is used, it is 
directed distally at the beginning of the opera- 
tion. However, while the patient is weaned 
from bypass at the conclusion of the operation, 
the cannula tip can be pointed toward the aortic 
valve, as this direction maximizes the counter- 
pulsation effect from the PAD. As the venous 
cannulas are being inserted, the console is 
turned to 1:2 because atrial arrhythmias are fre- 
quent at this stage. One or more vein grafts can 
be sutured to the ascending aorta while the pa- 
tient is being counterpulsed 1:1 even before 
bypass. is instituted. Whenever a partially oc- 
cluding clamp or an aortic: cross-clamp is ap- 
plied to or removed from the ascending aorta, 
the PAD is always momentarily switched off. 
When CPB commences, the PAD is turned off for 
a few minutes until total bypass is established. 
Our technique of coronary revascularization 
uses the sequence of an aortic anastomosis first 
(with the heart beating) and a coronary anas- 
tomosis second (usually with a short period of 
cross-clamping). Venting is not routine. Aortic 
valve replacement is carried out with’ either 
coronary perfusion (with the heart beating) or 
local topical hypothermia using iced saline. 
Cardioplegia was not employed in this series. 


Results 


The PAD functioned as a 2 hemodynamically ef- 
fective arterial counterpulsator before and after 
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CPB. During bypass, pulse pressures of 40 to 50 
mm Hg were readily obtained without altering 
our usual average mean arterial perfusion pres- 
sures of 80 to 90 mm Hg (Fig 3). There were no 
device-related complications. All 125 patients 
were successfully weaned from CPB with the 
PAD alone. During bypass, the urinary outputs 
of the PAD patients were more than twice the 
values in control patients (9.18 + 0.69 versus 3.90 
+ 0.35 ml/min). The 100 control patients were 
operated on during the same period, but they 
did not undergo pulsatile bypass. The urine in 
the PAD patients tended to flow in a continuous, 
constant stream during bypass rather than in the 
variable volumes seen at different times in the 


control patients. In addition, intraoperative ' 


coronary graft blood flow determinations* in 30 
patients off and on the PAD over a 10-minute 
interval consistently revealed an increase in 
graft flow of 21.4 + 6.1% with the pulsatile 
bypass. These results were readily reproducible. 

In a group of 35 patients who underwent coun- 
terpulsation with the PAD, the endocardial 
viability ratio (EVR) [37, 38] was calculatedt 
with the PAD assisting on every other heart 
beat. Without counterpulsation the EVR was 
1.15 + 0.04; with the PAD counterpulsating, the 
EVR was 1.58 + 0.05. This difference is signifi- 
cant atp <0.001. Hemolysis studies were carried 
out in 30 PAD patients and 30 control patients. 
No significant difference was noted. 

Only 1 patient in this series required IABP 
(two hours after the termination of CPB), and 
this was the only patient in the group who sus- 
tained an acute perioperative myocardial infarc- 
tion as defined by new Q waves. (Creatine 


phosphokinase, lactic dehydrogenase, and serum - 


glutamic oxaloacetic transaminase isoenzymes 
have been shown to be less spécific in diagnos- 
ing infarction after open-heart operations [19].) 
There were 3 postoperative deaths. One pa- 
tient died from hemorrhage secondary to an iat- 
rogenic intraoperative injury to the aorta. A sec- 
ond patient died in the recovery room after an 
anaphylactic drug reaction. The third patient 
died of an arrhythmia three weeks postopera- 
tively. 
*Square-wave electromagnetic flowmeter, Carolina Medical 
Electronics, King, NC 27021. 
tEVR computer, Datascope Corp, Paramus, NJ 07652. 
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Fig 3. Effect of the PAD in creating synchronous 
pulsatile cardiopulmonary bypass. Assist is on every 
other beat, Note pulse pressure of 40 mm Hg during 
total CPB and the marked increase in LAD graft 
flow with the device. (RaP = radial artery pressure; 
LAD = blood flow in left anterior descending 
saphenous vein bypass graft.) 


Comment 


The potential importance of pulsatile CPB has 
been recognized for many years [5, 16, 20, 22, 
25-27, 29-34, 36, 41, 43, 46]. Although it ap- 
peared to have several physiological advan- 
tages, the procedure has not been used 
routinely, primarily because of the lack of a sim- 
ple, atraumatic apparatus to produce the pulsa- 
tions. Berger and Saini [3] and Maddoux, Pappas, 
and their colleagues [28, 35] have demonstrated 
the effectiveness of using an intraaortic balloon 
to create pulsatile CPB. The data reported by 
Maddoux and Pappas suggest that pulsatile CPB 
improves myocardial metabolism and function 
and results in less hepatocellular injury (post- 
operative SGOT levels). In addition, there was 
better overall tissue perfusion (total LDH), a 
lower incidence of perioperative myocardial in- 
farction, and the indication of possible im- 
provement in late myocardial function. Post- 
operative renal failure was rare, in contrast to a 
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study by Abel and associates [1], who found that 
27% of their patients had mild to severe renal 
failure, which correlated with the duration of 
CPB, aortic cross-clamping time, and total dura- 
tion of the operation. 

Although use of the balloon is associated with 
low morbidity [7, 8], its utilization cannot be 
justified for routine creation of pulsatile CPB, 
because an additional surgical procedure is re- 
quired and because there may be serious risks 
associated with peripheral balloon insertion [2]. 

Several pump consoles are capable of counter- 
pulsation [15, 27,39, 42, 44, 45], but the ability to 
combine pulsation and counterpulsation has not 
been generally successful. The PAD is the first 
clinical, in-line device that produces atraumatic, 
synchronized, pulsatile CPB and that also 
functions as an arterial counterpulsator. Of im- 
portance is the fact that the routine of the surgi- 
cal procedure is not significantly altered by the 
presence of the device. 

Our experience with animals [23] documents 
the hemodynamic effectiveness of the PAD, 
which has been borne out in our initial clinical 
trials [11, 13]. In every respect the PAD functions 
similarly to an intraaortic balloon, without the 
need for an additional procedure. Our clinical 
experience with the PAD has begun to confirm 
some of the reported advantages of pulsatile 
CPB. Greater urinary output indirectly implies 
beiter renal perfusion. In addition, the increase 
in intraoperative myocardial blood flow appears 
to offer greater protection to the myocardium 
during CPB, especially during ventricular fibril- 
lation [24], even in the presence of critical coro- 
nary stenosis [40]. The extremely low incidence 
of perioperative myocardial infarction in the 
present series attests to this fact [17]. Of more 
interest is that during our initial twelve-month 
clinical utilization of the PAD, only 1 patient has 
required intraoperative balloon pumping. This 
is a marked reduction in the requirement for 
IABP at our institution [8, 12], and it suggests 
that use of the pulsatile device may decrease the 
need for postoperative balloon support. 

Itis important to emphasize that at present the 
demonstrable virtues of the PAD lie in its ability 
to counterpulse and to produce pulsatile CPB 
simply and without blood trauma or an addi- 
ticnal surgical procedure. Additional experience 


is necessary to confirm all the beneficial effects 
of pulsatile cardiopulmonary bypass. 


Addendum 


Since this article was submitted, an additional 175 
patients have been assisted intraoperatively with the 
pulsatile assist device through September 1, 1977. Of 
the 300 PAD patients, 210 (70%) had preoperative 
impaired left ventricular function. Two hundred 
ninety-six (98.7%) of the patients were weaned from 
cardiopulmonary bypass with the PAD alone, and 
there were 5 intraoperative myocardial infarctions 
(1.7%). Only 2 of the latter 5 patients (0.67%) required 
intraaortic balloon pumping, and they survived. 
Overall mortality in this series was 5 patients (1.7%), 
including 2 intraoperative and 3 late deaths. This 
larger series seems to substantiate the consistency of 
the original data. 
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Discussion ` 

DR. GEORGE PAPPAS (Denver, CO): The PAD may be 
very helpful for preservation of the myocardium in- 
traoperatively. I would like to raise four points about 
this device. (1) The PAD may not help patients from 
the time of induction to the time of cannulation. Occa- 
sionally we see patients deteriorate. (2) It has been my 
clinical experience with pulsatile flow that the 
peripheral vascular resistance is often low at the end 
of CPB. Giving protamine, at least in a few patients, 
has nearly resulted in catastrophe. I believe these pa- 
tients are perhaps more sensitive to protamine than 
to standard CPB. (3) Because of the potential problems 
of thromboembolism, I am reluctant to give pro- 
tamine when the PAD is in contact with the patient. 
(4) I am not certain that this unit is completely fail- 
safe, because rupture of the balloon may result in 
escape of carbon dioxide into the ascending aorta. The 
thirty-day mortality rate of 3.2% that Dr. Bregman 
describes for 125 patients may not be too dissimilar 
from that of other centers using standard CPB. 

We have been interested in pulsatile bypass using 

- an intraaortic balloon. We have performed this proce- 
dure in 182 patients, with the balloon inserted into the 
ascending aorta in 107 patients without a complica- 
tion. 

We compared a Doppler flow tracing from a tem- 
poral artery with the arterial pressure tracing in a patient 
under conditions of pulsatile cardiopulmonary bypass 
and nonpulsatile bypass with the intraaortic balloon 
pump off, and we found similarities between the Dop- 
pler recording, the patient’s own arterial pressure, and 
the pulsatile flow. 

We measured left ventricular ejection fractions in 
the immediate postoperative period in 40 patients 
undergoing coronary artery bypass who were com- 


parable in terms of their disease. On the firsteand 
tenth days postoperatively we found depression in left 
ventricular ejection fraction in the group that received 
nonpulsatile flow. This is statistically significant. In 
contrast, in the pulsatile flow group of 20 patients, the 
left ventricular ejection fraction improved. Among a 
few patients who were measured later, those who had 
shown improvement immediately postoperatively 
continued to do so, whereas those who had had a 
depressed fraction still did on late follow-up. 

In measuring coronary sinus lactate values during 
the first hour of CPB, we noticed a significant differ- 
ence between pulsatile and nonpulsatile flow, with 
higher elevations in nonpulsatile flow. Later, we also 
evaluated clinically patients who had had preopera- 
tive congestive cardiac failure, and we found that 
more patients who had had pulsatile flow were im- 
proved, indicating perhaps that there is some long- 
term preservation of myocardial function. 

We have also been interested in a booster type of 
pulsatile pump, which uses a Waters pump in tandem 
with a roller pump toward the arterial cannula. We 
have used this device in 5 pediatric patients. 


DR. WALTER H. JANKE (Fort Lauderdale, FL): I agree 
with Dr. Bregman that pulsatile blood flow has many 
advantages. We believe, however, that itis difficult to 
improve upon nature; and nature does not give us 
myocardial protection by keeping hearts frozen or 
ischemic. Pulsatile flow is a step in the right direction, 
but it is an adjunctive procedure that might be the 
cause of further complications. 

We think the best kind of pulsatile flow is achieved 
through the beating action of the heart, and not witha 
pulsatile assist device. Consequently, we do all coro- 
nary revascularization procedures with continuous 
coronary perfusion and the heart beating. For cir- 
cumflex coronary artery bypass we use extracorporeal 
circulation and the heart support. Cardiopulmonary 
bypass is only rarely required for revascularization of 


_the anterior descending and right coronary arteries. 


Paradoxically, this technique is easier on patients 
who have a poor ventricle, because they have less 
ventricular motion. 

We have operated on 720 patients using this tech- 
nique. The first 543 patients (in Michigan) averaged 
51 years of age; the remaining patients (in Florida) 
averaged 62 years. Forty-three percent of the Florida 
patients had either left main coronary artery obstruc- 
tion or acute coronary insufficiency with ECG 
changes. We do not use IABP in these patients, and 
after hearing of the complications that Dr. Bregman 
experienced with balloon support, perhaps it is a 
good thing that we restrict its use to patients with 
cardiogenic shock. 

In our procedure we expose the undersurface of the 
right ventricle, place asnare around the right coronary 
artery, and perform a right coronary anastomosis. Ex- 
tracorporeal circulation is available but is not utilized 
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unless patient experiences hypotension or ventricular 
fibrillation. 

We perform the procedure in the same way for the 
anterior descending artery. The artery is snared and 
stabilized, an incision is made on it, and the anas- 
tomosis is performed in the same way. For exposure of 
the circumflex artery we use extracorporeal circulation 
and heart support with the left ventricle vented, but 
the heart is also allowed to beat. 


DR. BREGMAN: Although Dr. Janke’s results and tech- 
nique are interesting, I think most surgeons would 
prefer to work in a dry, quiet operative field. In addi- 
tion, his technique would not be applicable for most 
of the high-risk patients in the series we have pre- 
sented. 

We all owe Dr. Pappas a great debt, since he is a 
pioneer in the use of pulsatile CPB with the intraaortic 
balloon pump. With reference to the period from in- 
duction of anesthesia to attachment of the PAD, if 
there is concern about the patient's stability, I think it 
is quite easy to cannulate the femoral artery under 
local anesthesia. The patient can then: be counter- 
pulsed before and during induction, and bypass can 
be initiated by the femoral route. When an intraaortic 
balloon is inserted through the arch, counterpulsation 
cannot be initiated during induction. 

Regarding protamine, we have generally counter- 
pulsed our patients for just a short period after bypass 
unless they were not stable. The longest we have 
counterpulsed was for an hour. During this period the 


cardiotonic regimen can be optimized. We counter- 
pulse until about half of the protamine is adminis- 
tered. 

With reference to device safety, initially we thought 
that a Y should be employed in the arterial line with 
the device in one limb. This is unnecessary, however, 
because the devices are supplied with a straight 9.5 
mm (%¥ inch) connector, which we keep on the sterile 
operative field. If the device should rupture, bypass 
could be stopped for about thirty seconds, the device 
whichis in the field excised, thestraight connector putin 
the line, and the pump restarted. This situation has not | 
arisen in the first 1,000 clinical cases in which the PAD 
was used, and the arterial Y has not been employed. 

The booster pump that Dr. Pappas mentioned is 
quite interesting, and I will look forward to seeing 
future results. 

Perhaps the main virtue of the PAD is that a criti- 
cally ill patient can be weaned from CPB with all the 
advantages of intraaortic balloon support and without 
delay or prolongation of bypass time. Our laboratory 
and clinical experience both suggest that after is- 
chemic arrest the PAD affords an improved method of 
myocardial reperfusion. Diastolic augmentation 
rapidly repays the oxygen debt during the critical 
period before perfusion is terminated. This role of 
pulsatile CPB may prove to be the main advantage of 
the pulsatile assist device. This technique of pulsatile 
reperfusion may be particularly advantageous after 
prolonged periods of ischemic cardiac arrest with or 
without cardioplegia. 


Coronary Flow Distribution 


and Dynamics During Continuous and 
Pulsatile Extracorporeal Circulation in the Pig 


William Y. Moores, LTC, MC, USA, John P. Hannon, Ph.D., Jerry Crum, B.S., 
David Willford, B.S., William G. Rodkey, CPT, VC, USA, 


and Jay W. Geasling, CPT, VC, USA 


ABSTRACT Four extracorporeal perfusion condi- 
tions (continuous beating, continous fibrillating, 
pulsatile beating, and pulsatile fibrillating) were 
tested for 15 minutes each in pigs. Coronary flow, 
endocardial-epicardial flow ratio, phasic coronary 
flow, myocardial oxygen consumption, and myocar- 
dial lactate extraction were measured. No significant 
differences in any of these variables were found be- 
tween pulsatile and continuous flow states in either 
fibrillating or beating hearts (p > 0.05). In both fibril- 
lating conditions, significant elevations of myocar- 
dial oxygen comsumption and decreases in 
endocardial-epicardial flow ratios were found (p < 
0.05). Lactate extraction occurred in all conditions, 
and phasic coronary flows were similar in both beat- 
ing conditions. These data suggest caution in the ex- 
pectation that pulsatile perfusion will reverse the 
coronary flow and myocardial oxygen consumption 
changes seen with fibrillation. 


Despite many years of investigation on the use . 


‘of pulse pressure in an extracorpeal perfusion 
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system, controversy about its efficacy persists 
and continuous perfusion continues to be used 
in the majority of clinical situations. Pulsatile 
perfusion has been demonstrated to offer im- 
proved maintenance of body functions as evi- 
denced by decreased peripheral resistance, 
improved total-body lactate metabolism, de- 
creased edema, and increased oxygen consump- 
tion [6, 14, 27, 30, 33]. The use of pulsatile perfu- 
sion in isolated organ studies has likewise 
shown beneficial effects, which have been 
documented most often in the kidney [1] but 
have also been demonstrated in the lung [5] and 
brain [26]. 

The efficacy of artificial pulsatile flow is not as 
well established for perfusion of the myocar- 
dium as for other organ systems. The myocar- 
dium normally receives its major flow during 
diastole and therefore should not need an artifi- 
cial pulse pressure to provide pulsatile flow in 
the beating state. However, recent clinical arti- 
cles by Pappas and associates [20, 22] report a 
major improvement in ejection fraction during 
the postbypass period in patients for whom pul- 
satile flow was used. Because some period of 
ventricular fibrillation was used in these pa- 
tients, the effectiveness of pulsatile flow may 
occur principally during that time. Recent ex- 
perimental work [11, 31] suggests that pulsatile 
perfusion in the fibrillating heart provides an 
improved endocardial-epicardial flow ratio, 
increased compliance, decreased oxygen con- 
sumption, and more stable coronary flow. 
Salerno and colleagues [25] failed to show any 
protective effect in terms of preserving the nor- 
mal endocardial-epicardial flow ratio in fibrillat- 
ing hearts supported with pulsatile flow in 
swine. 

We have tried to determine the role of short- 
term continuous and synchronized pulsatile 
perfusion on coronary flow dynamics and oxy- 
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gen consumption in the myocardium during fi- 
brillating and beating states and to determine if 
pulsatile perfusion enhances preservation of the 
artificially perfused myocardium. The pig was 
selected as a model because in terms of ventricu- 
lar performance and coronary artery distribution 
its cardiac physiology resembles that of man 
[19]: 


Materials and Methods 


Eight immature swine (average weight, 29.9 kg) 
were used. Four experimental conditions were 
studied to determine the role of both rhythm and 
pulse pressure on coronary flow dynamics. The 
four conditions (continuous beating, continu- 
ous fibrillating, pulsatile beating, and pulsatile 
fibrillating) were used for 15 minutes each in all 
animals. To avoid a preferential time effect, the 
sequence was rotated so that each condition 
started the sequence in 2 animals (Table 1). Fi- 
brillation was initiated with a single 6 v pc stim- 
ulus, and the heart was allowed to fibrillate 
spontaneously until electrically defibrillated 
for a beating condition. 


Surgical Preparation 

All animals received halothane for induction of 
anesthesia, meperidine hydrochloride and ni- 
trous oxide for its maintenance, and succinyl- 
choline for paralysis. The halothane was ‘re- 
quired for approximately 30 minutes prior to 
initiation of intravenous meperidine hy- 
drochloride and succinylcholine. A tracheos- 
tomy was performed, the animal was intubated 
with a cuffed endotracheal tube, and controlled 
ventilation was provided with a mechanical ven- 


Table 1. Sequence of Perfusion Modalities 





No. of Time Period 
Animals (15 min each) 

in Each ~ 
Sequence 1 2 3 4 
2 CB CF PB PF 
2 CF PB PF CB 
2 PB PF CB CF 
2 PF CB CÉ PB 


CB = continuous beating; CF = continuous fibrillating; PB = 
pulsatile beating; PF = pulsatile fibrillating. . 


tilator (Ohio Medical Products, Madison, WD. 


Ventilation was altered and bicarbonate ad- 


ministered to maintain satisfactory acid-base 
status (pH 7.350-7.450), which was monitored 
with an automated analyzer (Model 813, In- 


-strumentation Laboratory, Lexington, MA). 


The animals were connected to an extracor- 
poreal perfusion circuit (Fig 1). A Sarns pulsatile 
heart assist pump was used, as previously de- 
scribed [21], with Optiflo disposable oxy- 
genators (Cobe Laboratories, Irvine, CA). By 
using a modified roller pump, the Sarns heart 
assist pump delivers pulsatile flow syn- 
chronized with the electrocardiogram. Silastic 
tubing with an inside diameter of 5/8 inch (15.9 
mm) (Dow-Corning, Midland, MI) was used 
in the pump head for both the continuous and 
the pulsatile run. Moderate hemodilution with 
blood and lactated Ringer’s solution (approxi- 
mately 7 gm Hgb/100 ml of blood) was used, 
and all perfusions were accomplished at nor- 
mothermic temperatures (37°C). A mean arterial 
pressure of 100 mm Hg was maintained for all 
modalities. Rate was controlled during beating 
conditions with ventricular pacing (120 beats/ 
min) after the ventricular conduction system had 
been blocked by injection of 37% formalin ac- 
cording to the technique of Steiner and Kovalik 
[29]. Pressures in the aortic arch, femoral artery, 
left ventricle, and superior vena cava were 
measured with Statham pressure transducers 
(Model p 23 la, Statham Instruments, Hato Rey, 
PR). Phasic coronary flow measurements were 
made with an electromagnetic flowmeter (Model 
501, Carolina Medical Electronics, King, NC). 
All flows and pressures were recorded on a Hon- 
eywell cardiac catheterization recording system 
(Honeywell, Inc, Denver, CO). Approximately 
two hours from the time of induction to the time 
of the first measurement was required to finish 
the surgical preparation. 

Myocardial blood flow was quantitated by 
timed measurements of coronary sinus and right 
ventricular drainage into a graduated cylinder. 
Coronary flow distribution was measured for 
each condition. Microspheres (15 u) labeled 
with four isotopes (Sr, "Cr, “Ce, Yb; Min- 
nesota Mining and Manufacturing, St Paul, MN) 
were used according to the technique of Rudolf 
and Heymann [24]. Lactate levels were deter- 
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Fig 1. Cardiopulmonary bypass circuit utilizing 
right ventricle and coronary sinus drainage for 
measurement of coronary flow. (IVC = inferior 
vena cava; SVC = superior vena cava; PA = 
pulmonary artery; LV = left ventricle; LA = left 
atrium; RV = right ventricle.) 


mined in arterial and coronary sinus blood ac- 
cording to the technique of Beutler [3], and 
myocardial lactate extraction percentage was 
expressed as: 


(La) = (Les) x 100 
(La) 





Lactate extraction (%) = 


where La = arterial lactate concentration and Les 
= coronary sinus lactate concentration. Arterial 
and coronary sinus oxygen saturations were 
measured with an oximeter (American Optical, 
Buffalo, NY) and hemoglobin concentration 
with a hemoglobinometer (Coulter Electronics, 
Hialeah, FL). The hemoglobin oxygen content 
of the blood was calculated according to the fol- 
lowing equation: 


Hemoglobin oxygen content = 
Hgb (gm/100 ml) x 1.34 X Oz% saturation 
100 





The Annals of Thoracic Surgery Vol 24 No 6 December 1977 


PACEMAKER 


Myocardial oxygen consumption was calculated 
as the sum of the coronary sinus and right 
ventricular drainage times the arterial-coronary 
sinus difference in hemoglobin oxygen content. 
Arterial Po, values were equivalent for all condi- 
tions (average, 215 torr). The additional oxygen 
content resulting from dissolved oxygen was not 
used in the myocardial oxygen consumption cal- 
culations. Blood samples were taken for the pre- 
vious determinations, and labeled microspheres 
for flow distribution were injected at the end of 
each 15-minute perfusion period. All hearts 
were weighed at the conclusion of the procedure 
so that myocardial oxygen consumption and 
blood flow could be expressed in milliliters per 
100 gm tissue per minute. 


Tissue Processing for Isotope Counting 


At the conclusion of the four perfusion condi- 
tions the myocardium was perfused with 10% 
formalin. The fixed heart was weighed, and the 
left ventricle was divided into 48 sections follow- 
ing removal of the base, apex, epicardial fat, and 
valve tissue. The 48 sections resulted from cut- 
ting the left ventricle into four slices, each of 
which was quartered and further divided to 
provide samples from the endocardial, mid- 
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myocardial, and epicardial portions of the ven- 
tricle. Thus each portion of the myocardium 
(endocardial, midmyocardial, and epicardial) 
was represented by 16 samples. An adequate 
number of microspheres was injected into the 
animal to provide at least 400 microspheres in 
each sample. The tissue samples were counted 
in a well scintillation counter (Model 5986, Pack- 
ard Instruments Inc, Downers Grove, IL), and 
the coronary flow distribution represented by 
each isotope was calculated. Actual endocardial 
blood flow was measured by the microsphere 
distribution determinations and total myocar- 
dial blood flow, as measured by catheter drain- 
age of the coronary sinus and right ventricle. 


Phasic Flow and Statistical Analysis 

The diastolic-systolic coronary flow ratio was 
determined for each modality by planimetric in- 
tegration of the coronary artery flow tracing in 
diastole and systole. The data were evaluated by 
a standard paired Student t-test and two-way 
analysis of variance [28]. 


Results 

Mean values for coronary flow, endocardial 
flow, endocardial-epicardial flow ratios, and 
diastolic-systolic flow ratios are summarized in 
Table 2. Statistically significant differences be- 
tween mean endocardial-epicardial flow ratios 
were noted for the rhythms in the pulsatile 
modality (p < 0.05 by paired Student t-test; N = 


Table 2. Coronary Flow Dynamics? 


8) and in both perfusion conditions when data 
for each rhythm were pooled (p < 0.05 by paired 
Student t-test; N = 16). Two-way analysis of 
variance failed to demonstrate a rhythm or per- 
fusion mode effect, but it did reveal an interac- 
tion effect between rhythm and perfusion mode 
that approached statistical significance (p = 
0.06) in the pulsatile conditions. Thus pulsatile 
perfusion accentuated the difference between 
rhythms that led to a statistically significant 
rhythm effect in that group and an approach toa 
statistically significant interaction effect. The 
fibrillating pulsatile mode had the lowest 
endocardial-epicardial ratio (0.94 + 0.11), 
whereas the beating pulsatile mode had the 
highest ratio (1.26 + 0.07). 

Similar statistical treatment for the values for 
coronary flow, endocardial flow, and diastolic- 
systolic flow ratios failed to reveal any statistical 
significance. Coronary flow and aortic root per- 
fusion pressure tracings for a typical animal are 
illustrated in Figure 2. Synchronized pulsatile 
perfusion in the beating heart had little effect on 
the diastolic-systolic flow ratio. The flow ratios 
in the perfusion modalities with pulsatile coro- 
nary flow were similar to each other and to the 
flow ratio found in the beating, nonperfused 
heart (2.58 + 0.17). 

Synchronization in the beating heart may also 
be of questionable value in terms of coronary 
flow dynamics. A typical tracing showing syn- 
chronized and nonsynchronized perfusion is il- 








Beating Fibrillating 
Measurement Continuous Pulsatile Continuous Pulsatile 
Perfusion Perfusion Perfusion Perfusion 

Coronary flow 

(ml/gm tissue/min) 2.07 (+ 0.27) 2.24 (+ 0.20) 2.29 (+ 0.23) 2.56 (+ 0.36) 
Endocardial flow 

(ml/gm tissue/min) 2.34 (+ 0.40) 2.62 (+ 0.26) 2.30 (+ 0.36) 2.40 (+ 0.44) 
Diastolic-systolic 

flow ratio? 3.08 (+ 0.60) 2.98 (+ 0.17) 2.89 (+ 0.79) 
Endocardial-epicardial 

flow ratio 1.20 (+ 0.14) 1.26 (+ 0.07)° 1.03 (4 0.12) 0.94 (+ 0.11}° 


Values expressed as mean (+ SE). 
>Ratio for unperfused heart: 2.58 (+ 0.17). 


€p < 0.05 (pulsatile beating and pulsatile fibrillating means different). 
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lustrated in Figure 3. Many animals did show a 
slight accentuation of diastolic filling with syn- 
chronized flow, but the heart’s own rhythm was 
the dominant factor. 

Mean values for lactate extraction and myo- 
cardial oxygen consumption are given in Table 
3. Lactate extraction was present during all per- 
fusion modalities, and no statistically signifi- 
cant difference between modalities was demon- 
strated. Higher but statistically insignificant 
mean lactate extraction values were noted for the 

' beating conditions. Myocardial oxygen con- 
sumption was higher in both fibrillating perfu- 
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Fig 2. Aortic pressure, electrocardiogram, and left 
anterior descending coronary artery (LAD) flow in 
(A) normal, nonperfused heart; (B) continuously 
perfused beating heart; (C) continuously perfused 
fibrillating heart; (D) pulsatile perfused beating 
heart; and (E) pulsatile perfused fibrillating heart. 
These tracings, taken from a typical animal, 
illustrate effective pulsatile flow in the normal, 
nonperfused heart (A) and in three of the four 
extracorporeal perfusion modalities (B, D, E). 


sion modalities (p < 0.02), but no significant 
effect from perfusion pulse pressure could be 
demonstrated either alone or as an interaction 
with cardiac rhythm. 


Comment 


The results of this study support the contention 
that pulsatile extracorporeal perfusion has little 
or no effect on the intrinsic coronary flow of the 
beating heart. Normal diastolic filling of the 
coronary bed could not be reversed, even when 
the pump was 180 degrees out of phase. No 
significant differences were noted in coronary 
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Fig 3. Actual tracings taken over five consecutive 
beats with change from synchronized pulsatile 
perfusion in phase to pulsatile perfusion 180 
degrees out of phase. Note the persistence of 
diastolic coronary fiow despite the change in pump 
timing. (LV = left ventricle; LAD = left anterior 
descending coronary artery.) 


flow, tissue flow distribution, or myocardial 
oxygen consumption, as might be expected in 
view of the similarity in diastolic-systolic flow 
ratios in the beating conditions. The latter find- 
ing is consistent with results reported in a recent 
abstract by Kivuls and co-workers [17]. 
Fibrillation removes the heart’s intrinsic abil- 
ity to provide pulsatile flow, and under such 
circumstances pulsatile extracorporeal perfusion 
might be beneficial. The deleterious effects of 
fibrillation in the continuously perfused heart 
(decreased endocardial-epicardial flow ratio and 
increased myocardial oxygen consumption) 
have been well documented [4, 12, 23]. In our 
study, pulsatile flow had very similar effects on 
both fibrillating and beating rhythms. In no in- 
stance was it possible to clearly demonstrate 
functional improvement in the fibrillating heart 





as a result of artificially maintained pulse pres- 
sure. 

This study was intentionally limited to short- 
term perfusions so that all experimental manipu- 
lations could be completed without introducing 
a significant time effect. Longer periods of per- 
fusion might be expected to substantiate some 
benefit from pulsatile perfusion, and studies in- 
volving extended perfusion times are needed. 
However, the decreased endocardial-epicardial 
flow ratio and increased oxygen consumption 
associated with fibrillation in this study and that 
of Salerno and associates [25] were not reversed 
by pulsatile flow. 

No attempt was made in this study to deter- 
mine the effect of changes in arterial pressure, 
pulse pressure, or pulse rate on coronary flow 
dynamics. Changes in pulse pressure up to 
about 60 mm Hg have been demonstrated by 
James [15, 16] to relate to changes in peripheral 
resistance, and a pulse pressure of approxi- 
mately 60 mm Hg. was used to achieve the 
maximum potential decrease in vascular resis- 
tance. A rate of 120 beats per minute and a mean 


_ aortic pressure of 100 mm Hg were selected be- 


Table 3. Myocardial Oxygen Consumption and Lactate Extraction? 








Beating Fibrillating 
Measurement Continuous Pulsatile Continuous Pulsatile 
Perfusion Perfusion Perfusion Perfusion 
Myocardial oxygen 
consumption (ml/100 gm 2.9 (+ 0.6) 3.4 (+ 0.8) 4.4 (+ 0.10) 3.9 (+ 0.5) 
tissue/min)? 
Lactate extraction (%) 5.4 (+ 0.8) 6.2 (+ 1.4) 4.3 (+ 1.0) 2.4 (+ 1.9) 


?Values expressed as mean (+ SE). 


bp < 0.02, beating versus fibrillating, by two-way analysis of variance (df 3, 7). 
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cause this rate and pressure approximate those 
in normal, unanesthetized 30 kg pigs [8]. Wilcox 
and colleagues [32] have also presented data that 
suggest an inverse relationship between pulse 
rate and the oscillatory fraction of total power in 
the systemic vasculature with a constant energy 
cost of transport over various pulse rates. Al- 
though the selection of a slower rate might have 
resulted in more effective pulsatile perfusion, a 
slower rate did not seem appropriate since we 
wished to examine the effects of synchronized 
pulsatile flow in the: swine heart beating at a 
relatively normal physiological rate and pres- 
sure. 

~ In a previous study [12], changes in oxygen 
consumption and flow distribution have been 


obtained primarily with electrically maintained 


fibrillation. Fibrillation in this study of:the pig 
myocardium was induced by a single pc stimu- 
lus and was spontaneously maintained without 
further intervention. Some of the data recorded 
here suggest that this type of fibrillation does 
not damage myocardial metabolic function. Lac- 
tate extraction was thus maintained and actual 
endocardial flow was not significantly changed 
in the fibrillating rhythm compared with the 
beating rhythm. It should be noted, however, 
that spontaneous fibrillation in normothermi- 
cally perfused human hearts is encountered in- 
frequently, and electrical current or hypother- 
mia (or both) is usually necessary for -clinical 
induction and maintenance. The impact of pul- 
satile perfusion in fibrillation maintained elec- 
trically or with hypothermia remains to be 
elucidated. 

Problems associated with perfusion of the 
postischemic and hypertrophied myocardium 
have also been documented [7, 9, 13, 18] and are 
of great concern to the practicing cardiac sur- 
geon. The design of this study did not address 
these additional complicating factors, and dem- 
onstration of the benefit, if any, of pulsatile per- 
fusion in these conditions must await additional 
studies. 

: Our evidence appears to document the unique 
flow situation, in the perfused, beating heart. 
This flow does not vary with perfusion 
modality. Furthermore, the data suggest that, 
even in the fibrillating state, pulse pressure is 
not a major factor in determining myocardial 


oxygen consumption or coronary flow distribt- 
tion. Our findings in this study should not dis- 
courage the use of pulsatile perfusion in an ex- 
tracorporeal circulation system, especially with 
the emergence of simpler and more reliable pul- 
satile devices [2, 10]. We caution, however, those 
who may think that addition of pulsatile perfu- 
sion will protect the myocardium from the dis- 
advantageous coronary flow distribution and 
myocardial oxygen consumption changes seen 
with fibrillation. 


References 


1. Agishi T, Pierce EC II, Kent BB: Comparison of 
. pulsatile and nonpulsatile pumping for ex vivo 
renal perfusion. J Surg Res 9:623, 1969 
2. Berger RL, Saini VK: Conversion of nonpulsatile 
‘cardiopulmonary bypass to pulsatile flow by 
intra-aortic balloon pumping during myocardial 
revascularization for cardiogenic shock (abstract). 
Circulation 45, 46:Suppl 2:130, 1972 
3. Beutler E: Red Cell Metabolism: A Manual of 
Biochemical Methods, New York, Grune & Strat- 
ton, 1971, p 108 
4, Buckberg GD, Hottenrott CE: Ventricular fibrilla- 
tion: its effect on myocardial flow, distribution, 
and performance. Ann Thorac Surg 20:76, 1975 
5. Clarke CP, Kahn DR, Dufek JH, et al: The effects of 
nonpulsatile blood flow on canine lungs. Ann 
Thorac Surg 6:450, 1968 
6. Dunn JM, Kirsh MM, Harness J, et al: Hemody- 
namic, metabolic and hematologic effects of pul- 
satile cardiopulmonary bypass. J Thorac Car- 
diovasc Surg 68:138, 1974 
7. Ecker R, Majem AZ, Cyrus RJ, et al: Late effects of 
anoxic arrest on cardiac contractility. Surg Forum 
20:158, 1969 
8. Engelhardt WV: Swine cardiovascular physiol- 
ogy: a review, Swine in Biochemical Research. 
Edited by LK Bustad, RO McClellan. Seattle, Bat- 
telle Memorial Institute, Pacific Northwest Labo- 
ratory, 1966, p 307 ae 
9. Engelman RM, Adler 5, Gouge TH, et al: The 
effect of normothermic anoxic arrest and ventricu- 
lar fibrillation on the coronary blood flow dis- 
tribution of the pig. J Thorac Cardiovasc Surg 
69:858, 1969 
10. Habal SM, Parodi EN, Hanson B, et al: A new 
pulsatile assist device (PAD) for use in cardiac 
surgery (abstract). Trans Am Soc Artif Intern Or- 
gans 5:32, 1976 
11. Habal SM, Weiss MB, Spotnitz HM, et al: Effects 
of pulsatile and nonpulsatile coronary perfusion 
on performance of the canine left ventricle. J 
Thorac Cardiovasc Surg 72:742, 1976 
12. Hottenrott C, Maloney JV Jr, Buckberg G: Studies 


589 Moores et al: Coronary Flow Distribution during Extracorporeal Circulation 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


eof the effects of ventricular fibrillation on the 
adequacy of regional myocardial flow: I. Electrical 
vs spontaneous fibrillation. J Thorac Cardiovasc 
Surg 68:615, 1974 

Iyengar SRK, Ramchand S, Charrette EJP, et al: 
Anoxic cardiac arrest: an experimental and clini- 
cal study of its effect. J Thorac Cardiovasc Surg 
66:722, 1973 

Jacobs LA, Klopp HE, Seamone W, et al: Im- 
proved organ function during cardiac bypass 
with a roller pump modified to deliver pulsatile 
flow. J Thorac Cardiovasc Surg 58:703, 1969 
James JEA, Daly M: Effects of graded pulsatile 
pressure on the reflex vasomotor responses elic- 
ited by changes of mean pressure in the perfused 
carotid sinus—aortic.arch regions of the dog. J 
Physiol (Lond) 214:51, 1971 

James JEA: The effects of altering mean pressure, 
pulse pressure, and pulse frequency on the im- 
pulse activity in baroreceptor fibres from the aor- 
tic arch and right subclavian artery in the rabbit. J 
Physiol (Lond) 214:65, 1971 

Kivuls J, Barnathan E, Harken AH: Does pulsatile 
coronary flow influence myocardial oxygen up- 
take? (abstract). Clin Res 25:6A, 1977 

Levitsky S, Feinber H: Biochemical changes of 
ischemia. Ann Thorac Surg 20:21, 1975 

Lumb GD: Experimentally induced cardiac failure 
in swine: pathological changes, Swine in 
Biochemical Research. Edited by LK Bustad, RO 
McClellan. Seattle, Battelle Memorial Institute, 
Pacific Northwest Laboratory, 1966, p 389 
Maddoux G, Pappas G, Jenkins M, et al: Effect of 
pulsatile and nonpulsatile flow during car- 
diopulmonary bypass on left ventricular ejection 
fraction early after aortocoronary bypass surgery. 
Am J Cardiol 37:1000, 1976 

Moores WY, Kahn DR, Kirsh MM, et al: Mechani- 
cal support of the circulation by a modified pul- 
satile roller pump. Ann Thorac Surg 12:262, 1971 
Pappas G, Winter 5D, Kopriva CJ, et al: Im- 
provement of myocardial and other vital organ 
functions and metabolism with a simple method 
of pulsatile flow (IABP) during clinical car- 
diopulmonary bypass. Surgery 77:34, 1975 

Reis RL, Cohn LH, Morrow AG: Effects of in- 
duced ventricular fibrillation on ventricular per- 
formance and cardiac metabolism. Circulation 
36:234, 1967 

Rudolph AM, Heymann MA: Circulation of the 
fetus in utero: methods for studying distribution 
of blood flow, cardiac output and organ blood 
flow. Circ Res 21:163, 1967 

Salerno TA, Shizgal HM, Dobell ARC: Blood flow 
with roller vs pulsatile pump during cardiopul- 
monary bypass in hypertrophied hearts. Surg 
Forum 25:141, 1974 

Sanderson J, Wright G, Sims EW: Brain damage in 
dogs immediately following pulsatile and non- 


pulsatile blood flows in extracorporeal circula- 
tion. Thorax 27:275, 1972 

Shepard RB, Kirklin JW: Relation of pulsatile flow 
to oxygen consumption and other variables dur- 
ing cardiopulmonary bypass. J Thorac Cardiovasc 
Surg 58:694, 1969 ; 

Snedecor GW, Cochran WG: Statistical Methods. 
Ames, IA, Iowa State University Press, 1967 
Steiner C, Kovalik ATW: A simple technique for 
production of chronic complete heart block in 
dogs. J Appl Physiol 25:631, 1968 

Trinkle J, Helton NE, Wood RE, et al: Metabolic 
comparison of new pulsatile pump and a roller 
pump for cardiopulmonary bypass. J Thorac Car- 
diovasc Surg 58:592, 1969 

Wakabayashi A, Kubo-T, Gilman P, et al: Pulsatile 
pressure-regulated coronary perfusion during 
ventricular fibrillation. Arch Surg 105:36, 1972 
Wilcox BR, Coulter NA, Peters RM, et al: Power 
dissipation in the systemic and pulmonary vascu- 
lature of the dog. Surgery 62:25, 1967 

Wilkens H, Rogelson W, Hoffmeister FS: The 
physiologic importance of pulsatile blood flow. N 
Engl J Med 267:443, 1962 


27. 


28. 


29, 


30. 


31. 


32. 


33. 


Discussion 

DR. KIT V. AROM (San Antonio, TX): Last October, at 
the American College of Chest Physicians in Atlanta, 
we presented our similar experience. We used an in- 
traaortic balloon pump as a source of pulsatile flow 
during a 60-minute period of total cardiopulmonary 
bypass in both fibrillating and beating, nonworking 
hearts. The dogs were divided'into two groups: in one 
the arterial inflow was into the ascending aorta; in the 
other group it was through a femoral artery. The only 
major finding was that when the ascending aorta was 
cannulated, the total left ventricular flow, the coro- 
nary sinus flow, and the endocardial-epicardial ratio 
were increased. There were no major differences in 
any other variables. We measured myocardial 
adenosine triphosphate and myocardial lactate, 
which again showed no difference. 

We concluded that in the normal heart, pulsatile 
flow produced by aortic balloon pumping during 
cardiopulmonary bypass may increase coronary flow 
and relatively increase endocardial-epicardial flow 
when the pump return is into the ascending aorta. In 
the normal heart; with bypass through the femoral 
artery, there was no difference in total coronary flow, 
rate of rise of left ventricular pressure, cardiac output, 
or cardiac metabolism among the aortic balloon 
groups and controls. 


DR. VINCENT L. GOTT (Baltimore, MD): It is interesting 
that after many years of study and evaluation of pul- 
satile flow, the controversy continues on the potential 
benefit of this modality. We have been interested in 
this problem for some time at Johns Hopkins. About 
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two years ago a senior medical student, Robert Ciar- 
dullo, suggested to us the possibility of achieving 
pulsatile flow by placing pump tubing with a slight 
dilatation within a standard roller pump. We tried this 
idea, and it is possible to produce good pulsatile flow 
and pressure with this simple technique. 

Dr. Ciardullo and Dr. Hartzel Schaff have been 
studying a number of different preparations in our 
laboratory during the last year to try to demonstrate 
the benefit of pulsatile flow. We have used a canine 
preparatior. very similar to that of Dr. Moores except 
that we place a critical stenosis on the circumflex ar- 
tery, and we monitor myocardial gas tensions in the 
area of the circumflex artery and the anterior descend- 
ing artery by means of a mass spectrometer. 

Like Dr. Moores, Drs. Schaff and Ciardullo alternated 
between 45-minute periods of linear flow, pulsatile 
flow, and linear flow. In each instance, whether we 
went from linear to pulsatile flow and back or vice 
versa, pulsatile flow improved the Po, in that area 
beyond the constriction. This was also true for en- 
docardial flow, as determined by radioactive labeled 
microspheres. In fact, the myocardial flow improved 
by 60% in the area beyond the constriction when 
nonpulsatile flow was converted to pulsatile flow. 

Possibly the reason Dr. Moores and his associates 
did not show a major difference in the two modalities 
is that in their heart preparations they had essentially 
adequate coronary flow at all times, whether the heart 
was fibrillating or in the beating state. Anytime a 
heart preparation is not producing lactate, it can be 
assumed that coronary flow is fairly adequate. Thus 
pulsatile flow cannot really make the myocardial per- 
fusion supernormal, particularly with the excellent 
degree of autoregulation in the heart. However, if we 
use a preparation that simulates a patient with coro- 
nary stenosis, such as our preparation with critical 
stenosis, it would appear that—at least in the by- 


passed, fibrillating heart—myocardial perfusior is 
improved beyond the area of stenosis with pulsatile 
flow compared with linear flow. 


DR. MOORES: We are concerned with the fact that we 
looked at a relatively short period of perfusion. The 
study was designed so that we could examine all four 
conditions in a single animal and have addi- 
tional statistical power. We are currently in the pro- 
cess of looking at longer periods of pulsatile flow and 
its effects on the beating, fibrillating heart. 

We have studied a preparation similar to the one 
presented here with the exception that right heart 
bypass with cannulation of the pulmonary artery was 
employed so that left ventricular function could be 
evaluated in addition to the other measurements that 
we made. This preparation also utilizes a shunt and a 
tourniquet for control of ventricular afterload. After 
one hour of perfusion we found that stroke volume 
was preserved in all the conditions in which pulsatile 
flow was maintained, namely, in the beating heart 
with either continuous or pulsatile flow and in the 
fibrillating heart when pulsatile perfusion was pro- 
vided. There was a drop of approximately 25% in 
stroke volume, however, from 12 ml to 9 ml, when the 
fibrillating heart was perfused with continuous flow. 
This decreased stroke volume reached significance at 
the p < 0.05 level. The situation with endocardial- 
epicardial flow ratios is similar in that there is a drop 
at one hour when the fibrillating heart is perfused 
with continuous flow; this drop in the ratio from 1.22 
to 1.03 also reaches statistical significance at thep < 
0.05 level. 

If the data from this further study continue to sub- 
stantiate these differences, we think we can safely say 
that pulsatile flow does indeed have a place in pre- 
serving myocardial function in the fibrillating state 
over an extended period. 7 


CASE REPORT 


Hypothermia in Conjunction with Hyperbaric 
Oxygenation in the Treatment of Massive Air 
Embolism During Cardiopulmonary Bypass 


D. Steward, M.D., W. G. Williams, M.D., and R. Freedom, M.D. 


ABSTRACT Massive gas embolism during car- 
diopulmonary bypass is a rare but ever-present 
danger. Following this catastrophic event, the im- 
mediate institution of core cooling on bypass may be 
advantageous. The remarkable complete recovery of 
our patient is attributed to this technique, which was 
used in conjunction with standard therapy. 


Cerebral gas embolism, a rare but potentially 
lethal complication of cardiopulmonary bypass, 
often results in irreversible brain damage [1]. 
This report describes an instance of massive gas 
embolism during bypass, successfully treated 
by immediate induction of moderate hypother- 
mia and later application of hyperbaric oxygena- 
tion. The patient made a complete recovery. 


An 8-year-old boy weighing 28 kg was admit- 
ted for surgical correction of severe pulmonary 
stenosis. He had a history of tiring easily and 
possible cyanosis on exertion. He had a promi- 
nent right ventricular heave with a single second 
sound and harsh grade 5/6 long systolic ejection 
murmur along the left sternal border. His chest 
roentgenogram revealed enlargement of the 
right ventricle; his ECG demonstrated marked 
right ventricular hypertrophy with strain. Car- 
diac catheterization confirmed the clinical diag- 
nosis of severe pulmonary valvular stenosis. 
Right ventricular pressure was 200/0-8 mm Hg 
with simultaneous left ventricular pressure of 
120/0-10 mm Hg. There were no intracardiac 
shunts although the right heart catheter was 
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passed through a patent foramen ovale into the 
left atrium. Cardiac index was 3.0 L/min/m’. 
Selective right ventricular angiography demon- 
strated marked pulmonary valvular stenosis 
with secondary hypertrophy of the right ven- 
tricular infundibulum. The levophase of this in- 
jection did not demonstrate shunting at the 
atrial or ventricular level. 

On August 13, 1975, pulmonary valvotomy 


and right ventriculotomy were performed. The 
heart was exposed through a median ster- 
notomy, and following heparinization (3 mg per 
kilogram of body weight) both venae cavae and 
the ascending aorta were cannulated and car- 
diopulmonary bypass instituted. The pulmo- 
nary valve was visualized through a longitudi- 
nal arteriotomy and consisted of three well- 
developed leaflets with a central 6 mm opening. 
Each valve commissure was detached from the 
arterial wall and incised, increasing the valve 
orifice to 16 mm. The subvalvular area was 
grossly hypertrophic without obvious fibrosis. 
Bypass was discontinued and pressures were 
measured in the right ventricle and pulmonary 
artery. Right ventricular pressure was un- 
changed from the preoperative value, demon- 
strating a persistent gradient at the subvalvular 
level, and it was decided to resect the infundibu- 
lar stenosis. a 
Cardiopulmonary bypass was reinstituted, 
and the child was cooled to 32°C. While a trans- 
verse right ventriculotomy was being per- 
formed, the venous return to the pump became 
obstructed due to kinked tubing, and oxy- 
genator gas (95% oxygen with 5% carbon 
dioxide) was inadvertently pumped into the 
arterial line and aorta. The pump was stopped 
immediately after this occurred; however, large 
volumes of gas were already present in the heart 
and great vessels, and the electroencephalo- 
gram, which was being continuously monitored, 
had flattened. Circulation was arrested for 6 
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minutes (at 32°C) and as much gas as possible 
was evacuated from the aorta; the arterial line 
was then refilled with blood. Bypass was re- 
commenced with the patient in a steep head- 
down position, and carotid compression was 
applied. Dexamethasone (16 mg) was adminis- 
tered and the patient was cooled to an eso- 
phageal temperature of 27°C for the remain- 
ing 46 minutes of cardiopulmonary bypass. The 
muscle of the infundibulum was resected and a 4 
mm patent foramen ovale closed through the 
ventriculotomy. 

Following completion of the intracardiac re- 
pair, the patient was rewarmed to 32°C and car- 
diopulmonary bypass was discontinued. The 
chest was closed, and preparations were made to 
transfer the patient to the hyperbaric facility of 
the Toronto General Hospital. Mild induced 
hypothermia was continued, and the eso- 
phageal temperature at the end of operation 
was 33.5°C. Mechanical ventilation was con- 
tinued, and the patient was transferred to the 
hyperbaric chamber three hours after the gas 
embolization occurred. At this time he was un- 
responsive, his pupils were dilated and equal 
with a sluggish response, and the electroence- 
phalogram, which had been flat, showed some 
slight return of slow wave activity. 

In the hyperbaric chamber, when a pressure 
of 6 atm was reached, the pupils became small 
and reactive and the patient began to move all 
four extremities. Total,time in the chamber was 
five hours, during which the body temperature 
was allowed to return to normal. Following this 
treatment he was. transferred to. the intensive 
care unit, apparently fully conscious. A second 
six-hour treatment in the hyperbaric chamber at 
2 atm was administered on the first postopera- 
tive day. Initially the patient had some mild 
left-sided weakness, but this resolved com- 
pletely over the first two postoperative days; 
subsequent recovery was complete. He was dis- 
charged fromthe hospital fourteen days follow- 
ing operation: 

One year after operation he is asymptomatic 
and active. Clinically there is a grade 3/6 short 
ejection systolic murmur along the left sternal 
border with a single second sound and no dias- 
tolic murmur. Chest roentgenogram shows di- 
minution in the cardiac silhouette to normal. 


His ECG shows right axis deviation with com- 
plete right bundle-branch block. Neurological 
examination is normal. 


Comment 

This case report is presented to illustrate that 
complete recovery may be possible following a 
situation which, at the time of disaster, appears 
hopeless. The treatment represents a combina- 
tion of several approaches that may minimize or 
prevent permanent sequelae of cerebral gas em- 
bolism. Tissue damage following gas emboliza- 
tion results from simple blockage of vessels by 
gas bubbles in addition to the reaction of blood 
elements to the gas/blood interface [6]. Patients 
suffering gas emboli during cardiopulmonary 
bypass have the possible advantage of some pro- 
tection by prior heparinization. Heparin de- 
creases platelet adhesion to foreign surfaces and 
therefore reduces the consequent leukocyte in- 
filtration and endothelial cell damage. Corticos- 
teroids may act in a similar fashion and, in addi- 
tion, may protect tissues subjected to ischemia 
and consequent hypoxia. 

Moderate hypothermia, induced in our pa- 
tient as soon as cardiopulmonary bypass could 
be restored, can be easily accomplished when 
the child is on bypass. It offers several advan- 
tages, including protection of cerebral metabo- 
lism during the periods of ischemia, reduction 
of the cerebral edema that follows cerebral air 
embolism, and increase in the solubility of gas in 
blood and tissues, thereby decreasing the size of 
emboli. All these benefits are immediately avail- 
able with institution of hypothermia. 

The use of hyperbaric oxygenation in the 
treatment of air embolism has been reported 
previously [2-5], and it produces the most direct 
relief of the mechanical obstruction. The size of 
the emboli is reduced in proportion to ambient 
pressure. In addition, the solubility of gas in 
serum is increased at high pressures, further 
reducing the size of emboli. The administration 
of 100% oxygen. at hyperbaric pressures in- 
creases the diffusion. gradient and improves 
oxygenation of ischemic ‘tissue. Although: hy- 
perbaric treatment is the most beneficial méans 
of therapy, it is impractical in the early phage of 
such injury, and a delay of several hours is in- 
evitable: 
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‘The remarkable complete recovery of this 
child strongly suggests a beneficial effect from 
the hypothermia. Thus we disagree with Calver- 
ley [3], who has stated that the operative proce- 
dure “should be terminated as quickly as possi- 
ble.” There may be a definite place for deliberate 
reduction of body temperature to lessen the im- 
mediate effects of the gas emboli, thereby allow- 
ing for more complete recovery with subsequent 
hyperbaric therapy. 
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CORRESPONDENCE 


Combined Valve Procedures 


To the Editor: 


We heartily concur with the article by George M. Cal- 
lard and associates, Combined Valvular and Coronary 
Artery Surgery (Ann Thorac Surg 22:338, 1976), ie, 
coronary artery bypass should be performed routinely 
with valve replacement in patients who have major 
coronary artery lesions. 

We have performed 16 combined procedures in the 
past twelve months, 10 aortic valve replacements 
with coronary artery revascularization and 6 mitral 
valve replacements associated with coronary artery 
revascularization procedures. It is our policy routine- 
ly to study the coronary arteries of all patients under- 
going valve operations, Of the 16 patients, 4 were 
totally asymptomatic but did have significant con- 
strictive coronary artery lesions that were bypassed. 
The authors indicate that coronary artery bypass graft- 
ing may lower the operative risk and improve the 
results in high-risk patients with coronary artery and 
valve disease. 

The mortality rate among our 16 patients is 0. We 
strongly believe that the operative risk is actually 
lower for patients in whom the defects are totally 
corrected (ie, valve repair plus bypass) than for those 
in whom even asymptomatic coronary disease is dis- 
regarded. 

Our operative technique varies somewhat from the 
authors’ in that we use hypothermic anoxic cold car- 
dioplegic arrest by injecting the cold cardioplegic so- 
lution into the aortic root. We have performed the 
entire operation during one aortic cross-clamping and 
have taken as long as one and one-half hours to do 
these operations. 


Steven J. Phillips, M.D. 
Robert H. Zeff, M.D. 
Chamnahn Kongtahworn, M.D. 


1047 Sth Ave 
Des Moines. IA 50314 


Correction of Tetralogy of Fallot 
To the Editor: 


I enjoyed Dr. Mistrot’s article, “Tetralogy of Fallot 
with a Single Pulmonary Artery: Operative Repair” 
(Ann Thorac Surg 23:249, 1977), and I would like to 
comment. 

I believe the technique of using a valve-containing 
conduit to prevent pulmonary valvular regurgitation 
in patients in whom tetralogy of Fallot must be cor- 
rected into a single pulmonary artery is a good one. 
Although the follow-up is short, results seem to sub- 
stantiate the rationale for this approach. I disagree, 
however, with some points within the paper. In refer- 
ring to a paper written by us in 1973 [1], Dr. Mistrot 
states that “several authors advocated palliative oper- 
ations rather than correction.” I think that Dr. Mistrot 
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misconstrued our conclusions, which I would like’to 
list here: (1) surgical correction of tetralogy of Fallot 
into a single lung results in a higher mortality and 
morbidity; (2) the increased pulmonary vascular resis- 
tance of this condition produces right heart failure, 
which appears to be the reason for poor results in 
these patients; (3) at the time of correction every effort 
should be made to revascularize both lungs; and (4) 
even if it is impossible to establish blood flow into 
both lungs, a number of patients with correction into 
a single pulmonary artery will survive the operation, 
and many of the survivors will have excellent late 
results. 

I continue to believe these conclusions and suggest 
that, whenever possible, it is advantageous to correct 
tetralogy of Fallot into both lungs by means of 
methods that reestablish pulmonary artery flow in 
patients with acquired atresia of one of the pulmonary 
arteries. However, if this is not possible, we agree 
with the authors’ conclusion that repairs should be 
made into a single pulmonary artery and that the use 
of a valved conduit may improve the early and late 
results in these patients. 


Reference 
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James S. Donahoo, M.D. 


Department of Surgery 
The Johns Hopkins Hospital 
Baltimore, MD 21205 


Reply 

To the Editor: 

Concerning Dr. Donahoo’s letter, the entire sentence: 
in which reference was given to his paper is as fol- 
lows: “In view of an operative mortality of 44 to 48%, 
several authors have held that a palliative systemic- 
pulmonary artery shunt using cardiopulmonary 
bypass is preferable to repair in patients with TOF 
and a single pulmonary artery.” The reference to Dr. 
Donahoo’s paper was pertaining to a 44% operative 
mortality reported by his group for repair with this 
clinical entity. Additionally, Dr. Campbell, in the dis- 
cussion of this paper, states that he recommends pal- 
liative shunting rather than operative repair. 

I think the conclusions of Dr. Donahoo’s paper are 
valid, and repair, when it can be performed into a 
pulmonary artery that has been isolated from the main 
trunk by a previous shunt, is advisable. However, in 
none of our patients was this possible, due to com- 
plete obliteration of the involved pulmonary artery or 
“acquired atresia.” The data from Dr. Donahoo’s 
paper would indicate that a good chance of survival 
can be anticipated in the particular group of patients 
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with a patent end-to-end Blalock shunt even if revas- 
cularization of that lung is not performed, because 5 of 
6 patients in this category survived operation. How- 
ever, 5 of 6 patients died following repair when the 
shunted lung had an atretic pulmonary artery. This is 
the group of patients with which our paper deals and 
for which we think the use of valve-containing con- 
duits is most advantageous. 

As more experience is acquired with the use of a 
valve-containing conduit in tetralogy of Fallot, I think 
this will become an established technique. 


]. Jacques Mistrot, M.D. 


Southwestern Cardiovascular Surgical Associates 
3420 Twenty-second Pl 
Lubbock, TX 79410 


Calculating Tumor Doubling Time 


To the Editor: 

The rate of growth of discrete lung tumors may have 
prognostic importance [1, 2]. High-quality chest 
roentgenograms, and particularly laminagrams, in- 
cluding computerized tomograms, enable accurate 
measurement of tumor diameter to be made. With 
measurements of tumor diameter obtained from sev- 
eral planes, and allowing for the relevant magnifica- 
tion factor, tumor volume can be determined. If more 
than one estimate is available, separated by a reason- 
able interval, a calculation of tumor doubling time is 
possible. Obviously, the more measurements that can 
be made, the more useful are the data. 

Recently introduced hand-held calculators with the 
capability of performing exponential and statistical 
calculations make the estimation of tumor doubling 
time easy. The keyboard sequence for this calculation 
using the Hewlett-Packard HP-27 calculator is de- 
scribed; the same approach can be used with similar 


calculators that are obtainable at.low cost. The proce- - 


dure may be even more simply performed with cal- 
culators that have programmable capabilities. Wider 
use of this type of analysis will help to prove its real 
worth. 


Determining Tumor Doubling Time 
Using HP-27 Calculator 


Measure best obtainable mean tumor diameters as 
often as possible. Call day of initial measurement day 
0, and count intervening days to obtain the time from 
first measurement to each subsequent one. (For 
example, day 0, 6 mm; day 56, 8 mm; day 121, 11 mm.) 
Tabulate diameters against days after first measure- 
ment, Key in diameter, press “f,” “In,” key in day, 
press “È +.” Repeat for all measurements. Press “g,” 
“r,” for correlation coefficient. 

To solve for a projected diameter: Key in day (after 
first observation) and press “y,” “g,” and ”e*.” The 
diameter is displayed. 


To obtain tumor doubling time: Let first diameter 
(day 0) be d, and diameter at tumor doubling time (t) 
be D. Then D = V'2d? (ie, the cube root of two times d 
cubed). Calculate D. Then press “g,” “LR,” key in D, 
press “f,” “lIn,” “x@y,""—," “x@y,"""+.”” The tumor 
doubling time, t, is displayed in days. 

D is best calculated thus: Key in d, press “enter,” 
“enter,” x OK LOOK I g sD 


is displayed. Press “STO,” “3” for subsequent use. 
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Peter R. Maggs, M.D. 


Section of Thoracic and 
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Lahey Clinic 
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Tricuspid Annuloplasty 


To the Editor: 
Il read with interest the technique for semicircular 
tricuspid annuloplasty described in a recent article by 
Meyer and Bircks (Ann Thorac Surg 23:574, 1977). 
There is another variation of the de Vega annulo- 
plasty, which was described to me by Dr. Fernando 
Alonzo-Lej and which I have found extremely useful 
in gauging the degree of constriction needed to pro- 
duce competence of the tricuspid valve. Instead of 
tying the two sutures inside the right atrium, both 
needles are passed through the wall of the atrium at 
the inferior end of the suture line. The atrium is 
closed, and cardiopulmonary bypass is discontinued. 
Then, with the operator’s finger in the right atrium, 
the assistant ties the suture ends over a Teflon-felt 
pledget just tight enough to eliminate the regurgitant 
jet. 

Readers may find this maneuver an additionally 
useful variation of the de Vega tricuspid annulo- 


plasty. 


Richard R. Lower, M.D. 


Division of Thoracic and Cardiovascular Surgery 
Medical College of Virginia 
Richmond, VA 23298 


REVIEW OF RECENT BOOKS 


Acute Aortic Dissections 
Edited by C. E. Anagnostopoulos, M.D. 
Baltimore, University Park Press, 1975 
255 pp, illustrated, $24.50 


Reviewed by Myron W. Wheat, Jr., M.D. 


Acut2 Aortic Dissections is a brief compilation of most 
of the literature relating to this devastating disease. 
The book serves as an excellent source to the pertinent 
literature. The attempt at a new and unnecessarily 
complex classification is best ignored. 

In general, this book is recommended as a source 
book. It is a worthwhile discussion of the presently 
available techniques for the treatment of acute aortic 
dissections, and contains a relatively recent summary 
of the results of treatment available in the literature. 
The book can also serve as a practical manual for use in 
the management of acute aortic dissections. 


Largo, FL 


The Current Status of Cardiac Surgery 
Edited by D. B. Longmire, M.B., M.S. 
University Park Press, Baltimore, 1975 
502 pp, illustrated, $39.50 


Reviewed by Stanley K. Brockman, M.D. 


This book is an edited report of the proceedings of the 
Fifth Annual Cardiac Surgical Course sponsored by 
eight institutions encompassing most of the major 
London hospitals associated with cardiac surgery. Of 
the 57 contributors to this conference, 2 were from 
the United States, 41 from Great Britain, 1 from 
Brazil, 2 from The Netherlands, 3 from France, 1 from 
Spain, 1 from Germany, 4 from Switzerland, 2 from 
Australia, and 1 from Sweden. Dr. A. Starr of Port- 
land, OR, was the moderator. 

The book is divided into nine parts, consisting of 
sections on cardiac transplantation, tetralogy of 
Fallot, prosthetic valves, tissue valve replacement and 
repair, open-heart procedures in infants under 1 year 


of age, postoperative care following cardiothoracic ` 


surgery, ischemic heart disease, results of operation 
in rare congenital heart disease, and discussions. 
Outstanding portions of the book include the over- 
all coverage of Fallot’s tetralogy, Dr. Starr’s discussion 
of the caged-ball prosthesis, V. Bjork's presentation of 
five years’ experience with the Bjérk-Shiley disc 
valve, J. Stark’s discussion on transposition of the 
great arteries in infants, and open-heart surgery in the 
first year of life at the Hospital for Sick Children in 


London. The section on ischemic heart disease pre- . 


sents a comprehensive overview but is of limited 
value to the cardiac surgeon, who requires in-depth 
treatment of the subject. D. N. Ross and M. I. Ionescu 
provide interesting documentation from their experi- 
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ence with tissue heart valves. Most surgeons would 
agree that this area has changed rapidly, and doubt- 
less the authors have greatly changed their point of 
view since they wrote this section. 

Short discussions flavored by personal experience 
and points of view appear throughout and should 
benefit the cardiac surgeon having in-depth knowl- 
edge of the field. The section on postoperative care 
has some interesting experimental data on the 
monitoring of left ventricular function and cardiac 
output; this section is not intended as a comprehen- 
sive reference on all aspects of postoperative care in 
the cardiac surgical patient. 

In general, this book can be recommended to those 
interested in an overall review of a particular area of 
cardiac surgery. Certain areas are of value to the car- 
diac surgeon. The material, in my opinion, should not 
have been presented in textbook form, but rather as 
the proceedings of an annual cardiac surgical confer- 
ence. In addition, the title implies that this is a com- 
prehensive coverage of the current status of cardiac 
surgery; it might more appropriately have indicated 
that the book presents proceedings of an annual con- 
ference. 


Philadelphia, PA 


Manual of Surgical Nutrition 

Edited by Walter F. Ballinger, M.D. (Chairman), John A. 
Collins, M.D., William R. Drucker, M.D., Stanley J. 
Dudrick, M.D., and Robert Zeppa, M.D. 

Philadelphia, W. B, Saunders Company, 1975, 527 pp 


Reviewed by James D. Hardy, M.D. 


This book was developed under the auspices of the 
Committee on Pre and Postoperative Care of the 
American College of Surgeons. Its stated purpose is 
“to provide a useful guide to surgical nutrition, to- 
gether with descriptions of the metabolic and 
physiological principles underlying successful treat- 
ment.” It would appear that this objective has been 
achieved, 

The 22 chapters have, in virtually every instance, 
been written by individuals with a special interest 
and experience in the given topic. Also, to the extent 
feasible in a concise treatise, specific information on 
“how to do it” has been provided. 

The chapters include foodstuff metabolism; salt, 
water, and vitamin requirements; body fuel and 
energy needs; parenteral and enteric feeding; liver 
and renal disease; morbid obesity; pediatric consid- 
erations; and malabsorption syndromes. 

The book is handsomely printed and bound, easily 
readable, and quite informative. It can be well rec- 
ommended. 


Jackson, MS 
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University trained, Board certified thoracic surgeon, 34, de- 
sires position in cardiovascular surgery. One year's experi- 
ence in private practice. Available anytime. 


Please respond to W-58, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiovascular and thoracic surgeon, 32, university-trained 
in general and cardiovascular-thoracic surgery, seeks chal- 
lenging position in cardiothoracic surgery. No geographic 
preference. Available in September 1977. 


Please respond to W-59, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, university-trained, 
seeking position in group or association leading to partner- 
ship. Available immediately. 


Please respond to W-60, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 








Thoracic and cardiovascular surgeon, 35, certified ABS, can- 
didate ABTS, seeking affiliation leading to partnership with 
a cardiothoracic group. Trained in medical college hospital, 
extensive experience in peripheral vascular surgery. Locale 
and availability flexible. 


Please respond to W-61, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon, 34, recently certified 
by ABTS, wishes to relocate in mid-Atlantic or Southeastern 
US, solo, group, or hospital practice. Extensive vascular ex- 
perience; military obligation completed. 


Please respond to W-62, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic surgeon, 41, Board certified, university 
trained, seeks association in group practice or partnership; 
upper Midwest preferred. Broad experience in open-heart 
and thoracic surgery in private and academic settings. Re- 
search and teaching experience is preferred. Currently head 
of cardiothoracic division in major medical center. 


Please respond to W-63, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





a 
Cardiothoracic surgeon with wide clinical and research ex- 
perience, trained at renowned Midwestern clinic, seeks chal- 
lenging position. Presently on staff of busy British cardiac 
unit. 


Please respond to W-64, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 31, ABS certified, ABTS eligible, 
seeks position with cardiothoracic group or academic ap- 
pointment. Extensive experience in all aspects of adult and 
pediatric cardiac surgery as well as thoracic surgery; excel- 
lent credentials and references. Presently completing addi- 
tional experience at well-known Midwestern center. Locale 
flexible; available July 1978. 


Please respond to W-65, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 33, Board-certified, ABS, ABTS, 
with cardiac research experience, desires either academic 
position or productive private practice with investigative 
opportunities. Currently completing military obligation. 


Please respond to W-66, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 30, completing resi- 
dency in June, 1978, at large university center desires posi- 
tion in thoracic and cardiovascular surgery. Trained in pul- 
monary, vascular, adult, and pediatric cardiac surgery. Will 
consider all geographical locations. FLEX. ABS certified. 


Please respond to W-67, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Thoracic and cardiovascular surgeon, 35, ABS and ABTS 
certified, holding academic position in university hospital 
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active adult open-heart surgery service. 


Please respond to W-68, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 
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Established, university-trained thoracic and cardiovascular 
surgeon with full credentials wishes to relocate. 


Please respond to W-70, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon completing residency 
June, 1978, University of Utah LDS Hospital, wishes to join 
associate, group, or solo practice. Available July 1978. 


Please reply to Saeed Esmaili, M.D., 914 Medical Plaza, Salt 
Lake City, UT 84112. 


Cardiovascular and thoracic surgeon, 34, ABS certified, has 
completed 2-year residency and 1-year fellowship, and seeks 
position. Available immediately. All offers and locations 
considered. 


Please respond to W-72, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 








Thoracic and cardiovascular surgeon, 44, ABS and ABTS 
certified, seeks position. Extensive extracardiac thoracic, 
peripheral vascular, and pacemaker experience. Presently 
cĦief of thoracic surgery at large military medical center. 
Available Aug 1978. 


Please respond to W-73, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 36, married, 
university-trained, ABS and ABTS certified, seeks associa- 
tion or group or academic appointment. Will consider new 
programs. No geographic preference. 


Please respond to W-74, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiothoracic surgeon, 38, FLEX, ABS, candidate ABTS, 
solid background in all phases of field, seeks busy practice. 
Prefer Midwest-Northwest; available now. 





Please respond to W-75, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Cardiothoracic and vascular surgeon, 37, university-trained, 
ABS certified, ABTS eligible, completing fellowship at Texas 
Heart Institute, Houston, seeks group association or part- 
nership in South or Southwest, preferably Arizona, New 
Mexico, or Texas. 


Please respond to W-76, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Board-certified cardiovascular and thoracic surgeon, com- 
pleting military obligation at cardiac center, desires position 
in thoracic and cardiovascular surgery. No geographic pref- 
erence. 


Please respond to W-77, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


SITUATIONS AVAILABLE 


Faculty position available in Northeastern medical college, 
assistant professor level. Must be eligible for state licensure 
and Board certification in surgery and be able to develop 
clinical and investigative programs as well as Participate in 
undergraduate and graduate teaching. Salary competitive. 
An Equal Opportunity/Affirmative Action Employer. 





Please respond to A-40, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109, 





Cardiothoracic surgeon with strong interests in research and 
teaching wanted by medical school affiliated hospital, full- 
time. Active open-heart and research program; faculty ap- 
pointment at assistant professor level, depending on experi- 
ence. 


Send curriculum vitae to Andrew A. Gage, M.D., COS, Vete- 
rans Administration Hospital, 3495 Bailey Ave, Buffalo, 
NY 14215. 


Board-eligible thoracic and cardiovascular surgeon wanted 
immediately to join busy private practice in suburban New 
York area. 


Please respond to A-42, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 
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Cardiovascular and thoracic surgeon in Southern California 
needs associate to handle increasing case load. Active car- 
diac surgical practice. Must be Board-certified or -eligible. 


Please respond to A-43, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Fellowship in pediatric cardiovascular and thoracic surgery. 
One-year program beginning July 1, 1978, includes 
emergency newborn surgery as well as elective closed and 
open cardiac surgical procedures. 


Please respond to A-44, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 





Thoracic and cardiovascular surgeon wanted in surgery de- 
partment of hospital closely affiliated with the University of 


Buffalo. Extremely active open-heart program. 


Qualified, academically oriented, fully trained surgeons may 
send curriculum vitae to Andrew A. Gage, M.D., Chief of 
Staff, Veterans Administration Hospital, 3495 Bailey Ave, 
Buffalo, NY. An equal opportunity/affirmative action em- 
ployer. 





Cardiovascular and thoracic surgeon wanted to join group in 
South Florida, Must be experienced in all facets of cardiac 
surgery, including internal mammary grafts. 


Please respond to A-46, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


ABTS-certified surgeon wanted to join two-man group in 
large Midwestern city. Practice limited to adult cardiac, 
thoracic, and peripheral vascular surgery in large private 
hospital with university appointment. 


Please respond to A-47, The Annals of Thoracic Surgery, 
C-7173 University Hospital, Ann Arbor, MI 48109. 


Cardiovascular and thoracic surgeon, Board-certified or 
Board-eligible, wanted to join cardiovascular and general 
surgeons in private surgical group practice. Busy, estab- 
lished cardiac program in excellent Wisconsin location. 


Please send curriculum vitae to A-48, The Annals of 
Thoracic Surgery, C-7173 University Hospital, Ann 


Arbor, MI 48109. 
Cee ee ee es 





CONDUCTION CARDIOGRAPH/BUNDLE OF 
HIS DETECTOR/ automated-audible 
localization of cardiac conduction tissue/ 
myocardial ischemia/infarction and facilitated 
recording of HIS Bundle Electrograms 


For the Inputs include... 
cardiovascular surgeon both tripolar probe and 
concerned with. . . tripolar catheter for flexibility 
e congenital cardiac repair in use 

e infarctectomy/ 


Applications include. . . 

e localization of 
Bundle-of-HIS 

e delineation of aneurysms 

e delineation of 


aneurysmectomy 
e revascularization 
è valve replacement 
e electrosurgery 


For the cardiologist ischemia/infarcts 
concerned with... e mapping conduction 
e HIS Bundle electrograms pathways 

e arrhythmia studies e recording HIS Bundle 
e pacemaker selection electrograms 


For the investigator 

concerned with. . . 

e conduction-system 
electrophysiology 

e cardiac pharmacology 

e cardiac toxicology 


The CARDIO-PROBE 

includes... 

ean audible pacemaker to 
help establish pacing 

e a conduction 
cardiograph, fully k 
patient-isolated, tripolar M 
probe included. Adjustable Seecor inc. 
gain 40-500 Hz bandwidth 512 South Freeway 

e Bundle-of-HIS detector, Fort Worth, Texas 76104 
with fixed alarm threshold (817) 338-0451. 








For more information, 
contact 


References: 

Siegel, L., Mahoney, E. B., Manning, J. A., and Stewart, S.: An Audible Alarm System 
to Facilitate the Intraoperative Identification of Cardiac Conduction Tissue, The 
Journal of Thoracic and Cardiovascular Surgery, 68:241, August, 1974. 


Green, R., Siegel, L., Hill, A., DeWeese, J. A., and Stewart, S.: Regional Myocardial 
Infarction at Operation — An Automated System of Identification, Archives of 
Surgery, 110:1416, November, 1975. 


See the CARDIO-PROBE at Annual Meeting of 
The Society of Thoracic Surgeons, Booth 128 
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Gathered here C stainless steel case 
for coronary ar- ea that keeps them 
terial surgery are: O ( 4 SS together and ready. 
The Codman:' Sap Let us send you 
family of five extra-delicate coronary a detailed description of this instrumenta- 





scissors, including the circumflex; the gen- 
tlest of bulldogs in two lengths, and these 
other key instruments — Garrett dilators, 
heparin-tip needles, a delicate gemini clamp, 
and DeBakey-Diethrich forceps. 

And they’re at home in an autoclavable 


tion and a 16-page monograph showing its 
use in coronary artery bypass surgery. 
Codman, Randolph, 


Mass. 02368. Co dman 


Call toll free: 
“Trademark © 1977Codman & Shurtleff, Inc. 


800-225-0462. 


higi 


pressure 





Your Heart Association 


can help 
you 


help your 
patients 


Contributed by the Publisher 


Your patients and their families might have questions about the 
heart and blood vessel diseases. Your Heart Association has 
prepared a variety of pamphlets to assist you in answering their 
questions in simple non-technical language. 


Produced under the guidance of leading cardiovascular spe- 
cialists, these pamphlets deal with such subjects as heart attack, 
stroke, hypertension, rheumatic fever, congestive failure, inborn 
heart defects, varicose veins and other disorders. There are also 
pamphlets advising on risk factors related to heart attack. 


Booklets on therapeutic sodium-restricted or cholesterol-lower- 
ing diets are also available on a physician's prescription only. 


Ask your local Heart Association for a catalogue listing all these 
free materials and order a supply. 


American Heart 
Association \W% 


44 EAST 23rd ST., NEW YORK, N.Y. 10010 
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Now Available 
The NEW edition of the book for which the 
white-coat pocket was invented! 


Manual of 
Medical Therapeutics 


22nd Edition 
By the Department of Medicine, Washington University 


School of Medicine, St. Louis 
Editors 


Nicholas V. Costrini, M.D., Ph.D. 


For years, doctors have been stuffing their white- 
coat pockets and black bags with each new edition 
of MANUAL OF MEDICAL THERAPEUTICS. Once 
again, it’s time to empty those pockets and bags— 
and refill them with the new and completely up-to- 
date 22nd edition—just off press. 


Now in its 22nd edition, this legendary manual 
needs no introduction. Comments like these about 
previous editions speak for themselves: 


“This manual of therapeutics is everything that it should 
be. .. . Small enough to jam into a white coat pocket, it is a 
paperback with the detailed information 
of a heavyweight textbook, yet at a 
fraction of the cost. The text covers the 
whole field of medicine and medical 
emergencies, and is presented with the 
absolute minimum of verbal 

padding.” —Canadian Family 
Physician 


ETT Tt 
ORDER NOW 


Little, Brown and Company 
Medical Division 

34 Beacon Street 

Boston, Massachusetts 02106 


Please send me copies of the 
Washington University MANUAL OF 
MEDICAL THERAPEUTICS, 22nd Edition, 
#923966 @ $9.95 








e William M. Thomson, M.D. 


“The book is inexpensive, current, and is really a must on 
the shelf of every physician.” —Annals of Otology, 
Rhinology and Laryngology 


“.... the friend of students and house officers. 
Generations of ripped seams from over-burdened pockets 
of white uniforms attest to its popularity. It remains a 
worthwhile bargain.” —Archives of Internal Medicine 


The Washington University MANUAL OF MEDICAL 
THERAPEUTICS is, simply, the most widely used 
and respected reference in medical literature. 

Its easy-to-find information will see 

you through any problem of 
medical care—day or night. 
Comprehensive, succinct, and 
reliable, this new edition is 
unquestionably the most useful 
handbook you can own. Purchase 
your copy today at your local 
bookstore—or use the convenient 
order coupon below. 


440 pages. Spiralbound, #923966, 
$9.95 


ATS 


C] My check is enclosed. (Publisher pays postage and 
handling if payment accompanies order. Please add 
sales tax if applicable. ) 

[0 Bill me. 

Name 
Address 
City State 


In Canada, order from J. B. Lippincott of Canada, Ltd., 75 Horner 
Avenue, Toronto, Ontario, M8Z 4X7, CANADA 











“One of the best books on its topic.” 


—Robert E. Hodges. M.D.. 
F. A.C.P., University of California. 
Davis, School of Medicine 


Total 
Parenteral 
Nutrition “This ‘how-to-do-it’ book covers the broad field of total 


Edited by Josef E. Fischer, parenteral nutrition in a remarkably complete and read- 
M.D., Harvard Medical able manner. . . . In the first seven chapters the authors 
School, Boston _. . detail the composition of current available solu- 
tions, the pharmacy protocol necessary to ensure steril- 
ity, the complications of total-parenteral-nutrition ther- 
apy, the nursing care, with detailed instructions on 
inserting and maintaining indwelling subclavian venous 
catheters, and even the organization of a hyperalimen- 
tation unit. The first few chapters make the book a valu- 
able single reference source for physicians, nurses, and 
pharmacists. . . . The wealth of detail in these chapters 
may encourage wider adoption of this important moda- 
lity of treatment. . . . [In the second part of the book] 
specific clinical applications to patients with renal and 
hepatic failure, inflammatory bowel disease, intestinal 
fistulas and burns are covered very completely. There 
are also excellent chapters on the special problems that 


This is an excellent compendium of the state of the art 
in total parenteral nutrition, with a brief glimpse into the 
future. House officers and practicing physicians will 
find that this book serves as a textbook, handbook of 
nutrition and good bibliographic reference all rolled into 
one rather palpable, intellectual treat." —The New Eng- 
land Journal of Medicine 


480 pages, illustrated. #283703, $25.00 


order today a en eaten antenatal 


Please send me copies of Fischer’s TOTAL PARENTERAL NUTRITION 
(#283703-90B1) @ $25.00. 











TO: O Bill me. 
LITTLE, BROWN AND COMPANY Fj Chéckencloséd; 
MEDICAL DIVISION NAME (Please print.) 
200 WEST STREET In U.S.. publisher pays postage and 
P handling charge if check accompanies 
WALTHAM, MA 02154 order. In Canada, order directly from STREET 


J. B. Lippincott of Canada. Ltd.. 
75 Horner Avenue. Toronto. Ontario. = : 
M8Z 4X7 Canada. CITY STATE/ZIP 











curved fo 
easier 
insertion 


Sarns Curved Left Heart Vent Catheter 
has preformed curve for easier insertion through 
the mitral valve. 





















For use in venting the entire left heart during 
cardio-pulmonary by-pass. Entrance is made at the 
juncture of the right superior pulmonary vein with 
the left atrium. 

The catheter has a long perforated venting 
length of 4.5” (11.4 cm) which minimizes the risk of 

occlusion of the catheter. 
l Other features are an attached tube connector 
and marking rings for indicating insertion depth. 

Sarns offers three vents for alternate 
techniques: 

The Curved Left Heart Vent Catheter 

The Atrial Vent Catheter, with stylet 

The Left Ventricular Vent Catheter, 

with stylet 

Refer to the individual product in- 
sert sheets for details on each vent 
and techniques, including warn- 
ings and precautions. 


Send copy of this ad with name and 
address for complete information 
on Sarns Catheters. 


sarns 


6200 JACKSON ROAD, ANN ARBOR, MICHIGAN 481( 


... For optimal preoperative skin degerming—BETADINE Surgical Scrub. Chosen . 
att s ByNASA Sagi polio 14.12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden-mictobikidal lather for prepping the operative site... kills both gram- 
positivé and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses;protozpa and yeasts... promptly achieves full microbicidal effect with 
{each usage: (In the rare instance of local irritation or sensitivity, discontinue use 
# in the individual.) 


To enhance antisepsis —BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
» BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
; i ’ BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
1- maintain microbicidal activity in the presence of blood, pus and serum...treated 
~*' “area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis— Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 


PHOTOGRAPH: SKYLAB IN ORBIT, COURTESY GF THE NATIONAL AERONAUTICS AND SPACE ADMINISTRATION. 
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